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QUALITY ASSURED 


Our quality system focuses on the continuing high quality of our 
components and the best possible service for our customers. We have 
a three-sided quality strategy: we apply a system of total quality control 
and assurance; we operate customer-oriented dynamic improvement 
programmes; and we promote a partnering relationship with our 
customers and suppliers. 


PRODUCT SAFETY 


In striving for state-of-the-art perfection, we continuously improve 
components and processes with respect to environmental demands. 
Our components offer no hazard to the environment in normal use 
when operated or stored within the limits specified in the data sheet. 


Some components unavoidably contain substances that, if exposed by 
accident or misuse, are potentially hazardous to health. Users of these 
components are informed of the danger by warning notices in the data 
sheets supporting the components. Where necessary the warning 
notices also indicate safety precautions to be taken and disposal 
instructions to be followed. Obviously users of these components, in 
general the set-making industry, assume responsibility towards the 
consumer with respect to safety matters and environmental demands. 


All used or obsolete components should be disposed of according to 
the regulations applying at the disposal location. Depending on the 
location, electronic components are considered to be ‘chemical’, 
‘special’ or sometimes ‘industrial’ waste. Disposal as domestic waste is 
usually not permitted. 
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RF/Wireless Communications 


Thank you for your interest in Radio Frequency (RF)/Wireless products from 
Philips Semiconductors. As a leading supplier to the RF/Wireless market, we offer 
a wide range of discrete and semiconductor RF/Wireless components. 


This RF/Wireless Communications handbook includes information on current 
RF/Wireless integrated circuits from Philips Semiconductors. The products are 
used in a wide range of RF/Wireless transmitter and receiver electronics. These 
applications include: Cellular radio, cordless telephones, high performance 
receivers, two-way communications and LANs. 


Selected products from this handbook can be used to build a complete cellular 
radio. The system diagrams located in the Cellular Section can help you 
determine which products are best suited for your application. 


Philips Semiconductors also offers discrete RF/Wireless components through the 
Discrete Semiconductor Group. For information on this product line, please 
contact Philips Semiconductors—DSG at 401/762-3800. 
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TDA 
TDA 
TDA 
UMA 
TDA 
UMA 
UMA 
UMA 
UMA 
UMA 
UMA 
UMA 
MC 
TDA 
TDA 
TDA 
SA 

SA 
TDD 
UAA 
UAA 
UAA 
UAA 
UAA 
MC 
PCF 
PCD 
TDA 
PCD 
PCD 
PCD 
PCA 
PCF 
NE/SA 
NE/SA 
NE/SA/SE 
NE/SA 
NE/SA 
NE/SA 
TSA 
NE/SE 
NE 

NE 
NE/SA 
NE/SA 
NE/SA 
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1000LT Dataprocessor for. cellular fadio (DPHOG). iv ects vaste ei ae dette rade wee Aled pee ss Coens a4 1296 
1005T Dual low-power frequency synthesizer ........... 2... cece ccc terete eens Caner aes 848 
1010A 6VV-audio.amplificr with preamplilier -x.22.42.4.0%cceeuane see Keates os See ede tae saa heen eke 347 
1011A 2 to BW audio power amplifier with preamplifier .......... 0... ce eee ee ee te eens 365 
1013B avVWwamplifier with: DC Volume-COntIOl «42.04 cb. uevs Sevens Secret ease) Leet eSer kes baee Seu ese 373 
1014 Low-power frequency synthesizer for mobile radio communicationS .......... 0. cece eee eee ees 866 
1015 1 to 4W audio amplifier with préamplifier 2.04 24.0...04 Meets eee ec bs eee eo See e eee Wotaes 381 
1015M Low-power duai frequency synthesizer for radio communicationS .............. 00. eee eee eee ee eee 907 
1017M Low-voltage frequency synthesizer for radiotelephoneS .......... 2... ce eee ete e eee ene 923 
1018M Low-voltage dual freqyency synthesizer for radio telephones .......... 0... cece eee eee renee e reece 934 
1019AM Low-voltage frequency synthesizer for radio telephones ........... 0. cc eee cece ee een eee neees 946 
1019M Low-voltage dual frequency synthesizer for radio telephones ................ ee Ce ere re re (957 
1020AM Low-voltage dual frequency synthesizer for radio telephones ............. 00 cece eee eee eee eee 968 
1020M Low-voltage dual frequency synthesizer for radio telephones .............. 22. cece eee eee eee eee ... 980 
1496/1596 Balanced modulatondemoguiator os. .c a2 ee Cen ine eee Sa ote ae ae Rade ew eee a lees Becker 25 
1574 FEIO TORS INC Cs ese 8S ge tee ee ets heeded ese ee atu ta cites Saka ace |e nia ta BS ch Gnd tan cing § 114 
1574T Integrated. AV tuner for TadiO: TECEIVOIS asc ck aie oie jaca ae Rae aN Rowe ee eae dala aes 122 
1576T EMAF amplitierdemodulatoncucuil \.45:.4.02ec os iaudegas See tainen Wek Stee koe auenee ees See ses 709 
1620 Low-voltage: GSM tront-endtranStewvel ca. isco ded eats ee ale bars ergo Saas eRaw CROAT Same eek &3 102 
1638 Lowvoltade lr VQ 1ransCeiven «ic nae Soe atueeeu tensa deeded ewedaws aie wine oe Gen ehe wae eee 694 
1742T CMOS TEGUENGY SYMINCSIZEN 8 awe aera tine Sate beads Nia ot 2h a Sa ON lh at a Ula cheat Ged Sana 806 
2072M Imagerejecting-trent-end: for-GSM applications swcxsng een ctee ee cia we dae soa ee eee ne a4 seers 137 
2073M Image rejecting front-end for GSM applications ...0. 00. cece cece eee cece eee e eee e ee eeueeenees 153 
2077BM 2°GHZ. MAGS TElSCHINIG FONECNG > .00:70.54 2c oes ieee twee maa patie dae Ra glade aoe den awers deans 162 
2080T Advanced DAaGen TeCGIVGlr” oiacor et Mebane tele te we keeae whe ddiee ana take eaee ceed we adeen nes 171 
2082 Advanced: pager receiver ai0 indie detache cewtas Saeed uate te woh halt Bias Seed eee! 209 
3361 TOW OW FINE acerca ahsacte ay a Guid aoe te Race ie hi Soe ea he ee cde Se Bes act Mit aa et 2 Ui cate aaeie 425 
5001 POCSAG Paging decoder 4.25553. veers ui eacaee ered Oke Yeas Pea e eae eee Ot on ae tae eg 1218 
5003 MOVAaNCed: POCSAG PAGING dSCOde?® 3 a2 5-h.2te s.dards a peeeeidearaleabenara dey Gare ged aaa wea wee RARE Geom dg es 1128 
5030A TV VHF mixer/oscillator UHF preamplifier ............... 0... c ee ee eee eee Sexes vemwes arena ies 131 
5032 ADPCM codec for digital cordless telephone ..............-02-02 eee eee phe er ently te aha sb aac 1165 
5040 DECI DUST Mode CONUIONC! txcuwecw cee te tee ore ees a eee Seah wal det Monee se oeabe eee eee 1187 
5071 GS baSebanedtitenaee ss cease ous vee wet ee Haba Deke We ese Deeg ae eeea yaaa dt 1205 
5075 Power almplitier-controllerfor GSM :SYSIOMS : 41.53 45.2tes cone one eee eeaae! Rhee ee bedi in aed 1115 
5081/5082 GSM baseband processors for digital mobile cellular radio .... 2.6... 6. eee eee eee ene 1252 
5200 PAP Ue Ga ieSlaG © Ss sn tenlen aetdes fro t toy areate! oa wine a ahs dete Wane eee rae ah heat Agee Share aca e Selects hg Mae 245 
5204A Wide-band high equency AMpUNGE + waco Seoseh ont acn Me BEL SANs Be mete eine wide te page a ew xadt 258 
5205A Wide-band high-frequency amplifier ...................00- Stik RUS ead Ua ean eo ee Cul aa wet 269 
5209 Wideband variable:-gain a@mpitier iedv.G <6 5 ast eo na kaa aces Dae ence be Pi 25.5 ok C8 oe ate ed — 279 
5219 Wideband: Variable-gain AMplilieh: 3.01.25 a5 cereus pe Shidalnae he iSeateedwke Sees ex awckwes eae es Say 293 
5234 Matched quad high-performance low-voltage operational amplifier ............... 0... cece eee eee 306 
5511 1.3GHz bi-directional IC bus controlled synthesizer .............0cc cee sc eee e eres eee etanenenes 837 
5539 HIgh: trequency Operational amplitiel-c, 204 0452s aeraeiy Pade en ea See eh a eee eee eee 326 
5592 VICEO QIMPINIE 93520 doce Ro aeee ie eo tua earedat ale ate ne ee aotu died AE mea eutes hota ete 334 
SLOMST I SAST I COMPANOON. Gz Been 2 aoe Sele has REGO a WERE RES aS POO FS OUP RAIS BS BORIS 1329 
Bi2 PIOgramimable analog COMpPANOG hak cance aie tea ak ein Stree euteicalea Ane a ete eda cette 1352 
575 LOW VONAGS:COMPANGOM tac ichhnint tl sci naw nares tyke rd dane © bene Rares ee oe ee aE eae 2 nels 1361 
5750 Audio processor - companding and amplifier S@Ction ....... 0.0... ccc cece eee eee ene n eee 1035 
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Alphanumeric product list 





NE/SA 
SA 
SA 
NE/SA 
NE/SA 
NE/SA 


NE/SA 
SA 
NE/SA 
NE/SA 
NE/SA 
TSA 
SA 

SA 

SA 
NE/SA 
NE/SA 
NE/SA 
SA 

SA 

SA 
NE/SA 
NE/SA 
SA 
NE/SA 
NE/SA 
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5751 
5752 
5753 
576 
577 
578 
592 
600 
601 
602A 
604A 
605 
6057/T 
606 — 
607 
608 
612A 
614A 
615 
616 
617 
620 
624 
625 
626 
627 
630 
6320 
636 
637 
639 
676 
7000 
701 
702 
7021T 
7025 
703 
7052 
7O52A/AT 
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8025 
8780M 
8781T 
900 


Audio.processor:=tilter and Control:SEClOn ss.¢ vc se.ztie te oh eA da Rett ees y been eeleantes headeseeces 1042 
Audio processor — companding, VOX and amplifier section ...... 6... eee eee eens 1077 
Audio: processor =filter and ControlSection: o..:c.4.s.01saad thee dos Saeed eed ieee ss C4 eee we tee dees 1087 
LOW DOWE! COMPANGOM ats tea tat eau ee ead ee Boy aa ett eae ers chara atts banca atiaecind ust anahaah ey 1371 
Unity gain level programmable low power compandor ........... 2... cece ce eee eee teens 1374 
Unity gain level programmable low power compandor ........... 6c cece eee eee cette rene eeeeees 1378 
MIGGO-AIMPUNOT w sce attest ing eerie aay we Rent hoa etal it gl moe a ah a eaaP ey Ue Ot acre ah ee A baled bite seat eccad ar 339 
GZS ENA AG IMUIME sce escin tna Sect cove aA cote tha pile ee Ge Sanden Beet es wissen Cais tng Tage Becca eld ateg ob tes llr anid ge bad er 34 
Wow Voltage EIN Ar anid ixete= "1 GZ scl au ele tha case aie ated ae he Cat i an aa ears ale Ge Ble Sogn set aaa a 51 
Double-balanced mixer and oscillator .......... ce Seamaster ees sre dita oN teu hi PPR ae eae Pe Rees 62 
High performance low power FM IF SyStOM ... 0... ccc ccc cece cee eee nent e nee e beeen eben ened 428 
High performance low power mixer FM IF system ......... 2... cece eee cence ee een eens tee. 462 
Radiotuning PLL trequency Synthesizer fiscal secure ech ala ada ecru nti Sino Ave auido arate ahha Ase daGeed eas 828 
Low-voltage high performance mixer FM IF system ..........0 00 cece cece eee nee eee ene e ee eneee 522 
Low voltage high performance mixer FM IF System ..... 0... cc cece ccc cee eee renee ete ene e eens 554 
Low voltage high performance mixer FMIF system ............ 2 cee cece eee tee eee e eee e ees 583 
Déeuble-Dalanced mixer and OSCilalor~c., ccc voeseet ewes oe ot te tela nae eede whic et eetwetage ees “70 
LOW POWOr- RIVE SVSIOIN ia: Satie cece Saceuh's aie te fete ade ace gle bby tied ate Tae UE Gk Se ae tay maria eGR states it 438 
High performance low power mixer FM IF system ........... 00 c ccc ee eee eee eee teen ene e eee enens 470 
Low-voltage high performance mixer FM IF system ............ 0. cece eee eee teeter e een ee ees 538 
Low-voltage high performance mixer FM IF system ........ 2... 0c cece eee ee teen teenies 569 
Low voltage LNA. mixerand VCO —"1 GAZ: 405: osedien td eateutuetels aaa’ ee Rhea ivatdaundeie tae 91 
High performance low power FM IF system with high-speed RSSI ................ 2.0.0 e eee eee eee eens 597 
High performance low power mixer FM IF system with high-speed RSSI ................. 2... eee eee 609 
Low voltage high performance mixer FM IF system with high-speed RSSI ...................-.00 0 e- ... 621 
High performance low power mixer FM IF system with high-speed RSSI ................. 02 cece ee eee 642 
Single pole double throw (SPDT) switch ..........-.-0 cee cece eee eee teens ion eimeeenine te Perea eae, “IO 
DOUNC TAGS! COMtONMCH CUM ssp sak cecyig Saat eeutee tee he ct ale Cutt ek he ae ye Road i alt ee ee iad a deh att 1266 
Low voltage high performance mixer FM IF system with high-speed RSSI ............ 0.0... eee eee eee ee 652 
Low-Voltage: Gigital: WPKGCCINGI ioc ui. 8 eid oe al Maen niece eel oe daa Reet Be ieee on alana a A Seine en eat 666 
Low voltage mixer FM IF system with filter amplifier and data switch ........... 0... cece cece eee ee eee 677 
Low-Vvoliage mixer FW IF SVSICNY wine tGed decane otauh heat Mam anh, Med ediude tata ota pate cate 685 
sihngle-chip:FM tadiO-Cieult 2<a.o2a saneube sesh oe bees eA eke ee eee a linea Oe ates poate Tet bend atl fang Oe 717 
Divide by: 128/129-64/65 dual modulus low power ECL prescaler ............... 0: ce eee eee eee eects 735 
Divide by: 64/65/72 triple modulus low power ECL prescaler .......... 2... cece cece cece eee cece eee neee 742 
SINGIE<Chip FIM TACIOsCH CUI Siac cole nate eee sian CoN raat Martane tale Meier eg ne tS ee adele ee beads 724 
Low-Vvoliage GHz Tractional-N:SVAINGSIZOF: 250. 20s02wieh dea vous Rae y, bad oneva teow 1s Sete eneeumoreela 756 
Divide by: 128/129/144 triple modulus low power ECL prescaler ............ 0.00 cece eee eee ee eeeee 749 
1 Watt low voltage audio: POWer aMpliien oir ousting aos Pee wed hace aed eee sak Cae eardyes 391 
1-Watt low voltage audio power amp with DC volume control ........... 2... cece ee eee eens 396 
3-Walt mono. BIL audio: GuIpULAaMpINGr 05 %40oelseawead boned ve dee eer weee Ose id dad ta ees 403 
Low-voltage 2GHz fractional-N synthesizer 2.0.0.0... 0c ccc cece eee tenet eee tees eneneeeens 774 
Tueodanininic-ampiner 24 cuweoete ed acre beeen meee bing See Sate eS ol ok Sah bt eS eon ae ote 409 
TUS TOC ANG ARINC eerie caste es attend heen heat wrethg Pe atk aeatied bare MR Pra OR Mia ea te etude dateae weirs Beas 413 
VWOMTrAnStt MOOUIGIOR ‘ins. t a ade aan teh daa adnaes bee ett a oney the itty gia Bare Rg uasanald shea BS de 1005 
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Ordering Information 
a a a 9g a ee ee ee a rs 


LINEAR PRODUCTS PART NUMBERING SYSTEM 


Example: NE XXXX N 
i ) Package Description: 


= Plastic Leaded Chip Carriers (PLCC) 
Plastic SO 

Ceramic Dual In-Line 

Hermetic Chip Carriers — Leadless 
Headers . 

Plastic Dual In-Line 

Pin Grid Array — Hermetic 


Hermetic Cerpac 
Ceramic Square Quad Flat Pack 


Device Number 


<svuzZI@QTU> 








Device Family and Temperature Range Prefix 
-40°C to +125°C 
0 to +70°C 
-55°C to +125°C 
-40°C to +80°C 





PHILIPS PRODUCTS PART NUMBERING SYSTEM 
PREFIXES HE, PC, PN, SA, TD, TE, TS, UM 


Example: TD A XXXX P N 








a Package Description: 

Device Family N = Plastic Dual In-Line 
HEx = CMOS Circuit D = Plastic SO . 
PCx = CMOS Circuit F = Ceramic Dual In-Line 
PNx = NMOS Circuit U = Plastic Single In-Line 
SAx = _ Digital Circuit ——— Package Marking on Part: 
TDx = Linear Circuit P = Plastic Dual In-Line 
TEx = Linear Circuit T = Plastic SO 
ee = Analog Circuit D = Hermetic Cerdip 

Ax = Digital Circuit ———— 
UMx = Digital Circuit Device NUInbEE 





Operating Temperatures: 

= Temperature range not specified (see data sheet) 
0 to +70°C 

-55°C to +125°C 

-25°C to +70°C 

-25°C to +85°C 

-40°C to +85°C 


T™MOVOWDY 
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Product Status 


DEFINITIONS 


Data Sheet 


Identification Product Status Definition 


This data sheet contains the design target or goal specifications for 
product development. Specifications may change in any manner 


Objective Specification | Formative or in Design ‘ : 
; without notice. 


This data sheet contains preliminary data, and supplementary 
data will be published at a later date. Signetics reserves the right 
to make changes at any time without notice in order to improve 
design and supply the best possibile product. 






Preliminary Specification| Preproduction Product 


This data sheet contains Final Specifications. Signetics reserves 


Product Specification Full Production the right to make changes at any time without notice, in order to 
improve design and supply the best possibie product. 
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Philips Semiconductors Baseband Processor Selector Guide 


RF/Wireless Communications 


Baseband Processors 


PART TYPE APPLICATION | Vpp lop PACKAGE 


2.7-6.0 | 7mA Typ. Active 28-Pin SO28 
2.7-6.0 | 20uA Typ. Stdby 44-Pin QFP 


PCD5032. | ADPCM Codec DECT 








PCD5040 BMC (Burst Mode Controller) DECT 2.7-6.0 | 15mA Typ. Active 64-Pin QFP 











PCD5081 Signal Processor — Mobile GSM 5.0 = ae 80-Pin QFP 





PCD5082 Signal Processor — Base GSM 5.0 —_—— 160-Pin QFP 








31mA Typ. Rx 44-Pin QFP 


PCD5071 Baseband Interface GSM 5.0 
7MA Typ. Tx 44-Pin QFP 








te oi AMPS 8.4mA Typ. 24-Pin DIP 
NE/SA5750 | Audio Companding Amplif 5.0 
so po oe a TACS 4.8mA Stdby 28-Pin SOL 








bs tps AMPS 2.7MA Typ. 24-Pin DIP 
NE/SA5751 | Audio Filter and Control 5.0 
TACS 0.9mA Stdby 28-Pin SOL 








Audio Companding VOX and AMPS 3.1 mA Typ. 20-Pin SOL 


SA5752 
Amplifier TACS 125A Sitdby 20-Pin SSOP 








AMPS 2.7MA Typ. 20-Pin SOL 


SA5753 Audio Filter and Control : 
TACS 600uUA Stdby 20-Pin SSOP 








28-Pin Mini-Pack 


| PCF5001 PAGERS 60yA Typ. 
POCSAG decoder fae 32-Pin QFP 





Advanced POCSAG paging GSM 50uA Typ. (ON) 
decoder 25HA Typ. (OFF) 


PCD5003 32-Pin TQFP 








Data processor for cellular AMPS 


UMA1000LT 
radio TACS 


—2.5uA Typ. 28-Pin SOL 
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Section 2 
RF Front-Ends and 
Paging Receivers 
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Philips Semiconductors Linear Products Product specification 





Balanced modulator/demodulator MC1496/MC1596 





DESCRIPTION PIN CONFIGURATION 
The MC1496 is a monolithic double-balanced 
modulator/demodulator designed for use where the output voltage is 
a product of an input voltage (signal) and a switched function POSITIVE SIGNAL INPUT 
(carrier). The MC1596 will operate over the full military temperature 
range of -55 to +125°C. The MC 1496 is intended for applications 
within the range of 0 to +70°C. 


F, N Packages 


GAIN ADJUST 
GAIN ADJUST 


NEGATIVE SIGNAL INPUT 





FEATURES ‘ 


® Excellent carrier suppression 8 | POSITIVE CARRIER INPUT 
65cB typ @ 0.5MHz 
50dB typ @ 10MHz 


® Adjustable gain and signal handling 





® FM detection 


® Phase detection 
® Balanced inputs and outputs es i 
ampling 
® High common-mode rejection—85dB typ e’Sinoe<idepand 
ingle sideban 


APPLICATIONS @ Frequency doubling 


® Suppressed carrier and amplitude modulation 


® Synchronous detection 


ORDERING INFORMATION 


[DESCRIPTION | TEMPERATURE RANGE | ORDERGODE | DWG# 





ABSOLUTE MAXIMUM RATINGS 


PY iewtngs so 
CS 
[vers [etapa eh 





5 Biascurrent. current 
Maximum power dissipation, Ta=25°C (still-air)! 
F package 
N package 
Operating temperature range 
MC1496 0 to +70 
MC1596 -55 to +125 
TsTcG Storage temperature range -65 to +150 
NOTES: 
1. Derate above 25°C, at the following rates: 


F package at 9.5mW/°C 
N package at 11.4mW/°C 
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Balanced modulator/demodulator MC1496/MC 1596 


EQUIVALENT SCHEMATIC 


CARRIER (-) © 


INPUT (+) © 





DC ELECTRICAL CHARACTERISTICS 
‘Voc=+12Vpc; Vec=-8.0Vpc; I5=hOMADC; R_=3.9kQ; Re=1.0kQ; Ta=25°C, unless otherwise specified. 


| Mcis96 | MC 1496 
dacaecaiaials reTmate e. = 
Single-ended input impedance Signal port, f=5.0MHz 
a Parallel input resistance 
Parallel input capacitance 
Single-ended output impedance f=10MHz 
Parallel output resistance 40 40 
Parallel output capacitance 5.0 5.0 


Input bias current 
Ips= 12 25 12 
Isc= . 12 25 12 
Input offset current 

lhos=lq-l4 0.7 


_hoc=le-l10 0.7 


Average temperature coeflicient 
of input offset current 
Output offset current 

le-l12 
Average temperature coefficient 
of output offset current 
Common-mode quiescent 
output voltage (Pin 6 or Pin 12) 


Power supply current 
Igtlyo 
14 
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AC ELECTRICAL CHARACTERISTICS 
Voec=+12pc; Voc=-9-0Vpc; Is=1.0MApc; R_=3.9kQ; Re=1.0kQ; Ta=+25°C unless otherwise specified. 


SYMBOL PARAMETER restconpmions  |__MCt596_|__mcia9s a 
Carrier feedthrough Vo=60mVams Seweye anol: a 
set adjusted to zero 
fco=1.0kHz 40 40 uVews 
: fo=10MHz 140 140 
Vc=300mVp.p Squarewave: 
| Offset adjusted to zero fo=1.0kHz 0.04 0.2 0.04 0.4 mVrms 
| Offset not adjusted fo=1.0kHz 20 100 20 200 
wa Carrier suppressions fs=10kHz, 300MVams sinewave 
BWsaB 
sinewave IVc |= 0.5Vpc 


VcFT 

Ves 

Avs _| Signal gain ~ Vg=100mVams: f=1.0kHz 25 | 35 25 | 35 VV 
IVo1=0.5Vpc I 

CMV 

Acm 






















fe=500kHz, 6GO0MVams sinewave 













fc=10MHz, 60MVpms sinewave 








Transadmittance bandwidth Carrier input port, Vc=60MV_ms 


(Magnitude) (Ri. =50Q) 





sinewave fg=1.0kHz, 






300MVprms sinewave 






| Signal input port, Vg=300mMVams 





Common-mode input swing Signal port, fg=1.0kKHz 5.0 5.0 Vp.p 
Common-mode gain Signal port, fg=1.0kHz -85 -85 dB 
Vo 1=0.5Vpce | 


Differential output voltage swing V 
capability og 
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TEST CIRCUITS 


INPUT 





Carrier Rejection and Suppression 


+12VDC 


' CARRIER 
INPUT fc o) 


fs 
MODULATING 
SIGNAL 
INPUT 





Carrier Rejection and Suppression 





+12VDC 





Signal Gain and Output Swing 
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Application note 


Balanced modulator/demodulator applications 


using the MC1496/1596 


AN189 


BALANCED MODULATOR/DEMODULATOR AP- 
PLICATIONS USING MC1496/MC1596 


The MC1496 is a monolithic transistor array arranged as a balanced 
modulator-demodulator. The device takes advantage of the excellent 
matching qualities of monolithic devices to provide superior carrier 
and signal rejection. Carrier suppressions of 50dB at 10MHz are 
typical with no external balancing networks required. 


Applications include AM and suppressed carrier modulators, AM 
and FM demodulators, and phase detectors. «~ 


THEORY OF OPERATION 

As Figure 1 suggests, the topography includes three differential 
amplifiers. Internal connections are made such that the output 
becomes a product-of the two input signals Vc and Vs. 


To accomplish this the differential pairs Q1-Q2 and Q3-Q4, with their 
cross-coupled collectors, are driven into saturation by the zero 
crossings of the carrier signal Vc. With a low level signal, Vs driving 
the third differential amplifier Q5-Q6, the output voltage will be full 
wave multiplication of Vc and Vs. Thus for sine wave signals, Vout 
becomes: 


Vour = ExEy [cos(wx + wy)t + cos(wx — wy)t] (1) 


As seen by equation (1) the output voltage will contain the sum and 
difference 


INPUT (4) 
4 


SIGNAL 





INPUT 1 
+ 





GAIN 
ADJUST 


All resistor values are in ohrns 
Figure 1. Balanced Modulator Schematic 





frequencies of the two original signals. In addition, with the carrier 
input ports being driven into saturation, the output will contain the 
odd harmonics of the carrier signais. (See Figure 4.) 


Internally provided with the device are two current sources driven by 
a temperature-compensated bias network. Since the transistor 
geometries are the same and since Vee matching in monolithic 
devices is excellent, the currents through Q7 and Qg will be identical 
to the current set at Pin 5. Figures 2 and 3 illustrate typical biasing 
arrangements from split and single-ended supplies, respectively. 


Of primary interest in beginning the bias circuitry design is relating 
available power supplies and desired output voltages to device 
requirements with a minimum of external components. 


May 1988 


The transistors are connected in a cascode fashion. Therefore, 
sufficient collector voltage must be supplied to avoid saturation if 
linear operation is to be achieved. Voltages greater than 2V are 
sufficient in most applications. 


Biasing is achieved with simple resistor divider networks as shown 
in Figure 3. This configuration assumes the presence of syrnmetrical 
supplies. Explaining the DC biasing technique is probably best 
accomplished by an example. Thus, the initial assumptions and 
criteria are set forth: 


1. Output swing greater than 4Vp.p. 
2. Positive and negative supplies of 6V are available. . 


3. Collector current is 2mA. It should be noted here that the collec- 
tor output current is equal to the current set in the current 
sources. 


As a matter of convenience, the carrier signal ports are referenced 
to ground. If desired, the modulation signal ports could be ground. 
referenced with slight changes in the bias arrangement. With the 
carrier inputs at DC ground, the quiescent operating point of the 
outputs should be at one-half the total positive voltage or 3V for this 
case. Thus, a collector load resistor is selected which drops 3V at 
2mA or 1.5kQ. A quick check at this point reveals that with these 
loads and current levels the peak-to-peak output swing will be 
greater than 4V. It remains to set the current source level and proper 
biasing of the signal ports. 


The voltage at Pin 5 is expressed by 
Veias = Vee = 500 - Is 


where Is is the current set in the current sources. 


NOTE: 
All resistor values are in ohms 


Figure 2. Single-Supply Biasing 





BIASING | 

Since the MC1496 was intended for a multitude of different functions 
as well as a myriad of supply voltages, the biasing techniques are 
specified by the individual application. This allows the user complete 
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Balanced modulator/demodulator applications using an ~AN189 
the MC1496/1596 | | 








freedom to choose gain, current levels, and power supplies. The important thing to remember is that sufficient DC voltage is applied 
device can be operated with single-ended or dual supplies. to each bias point to avoid collector saturation over the expected 
signal wings. 
BALANCED MODULATOR 


In the primary application of balanced modulation, generation of 
double sideband suppressed carrier modulation is accomplished. 
Due to the balance of both modulation and carrier inputs, the output, 
as mentioned, contains the sum and difference frequencies while 
attenuating the fundamentals. Upper and lower sideband signals are 
the strongest signals present with harmonic sidebands being of 
diminishing amplitudes as characterized by Figure 4. 


Gain of the 1496 is set by including emitter degeneration resistance 
located as Re in Figure 5. Degeneration also allows the maximum 
signal level of the modulation to be increased. In general, linear 
response defines the maximum input signal as 


Vs < 15 ¢ Re (Peak) 


and the gain is given by 


Re 
as ee 2 
Avs Re + 2fe 2) 


This approximation is good for high levels of carrier signals. Table 1 


NOTE: summarizes the gain for different carrier signals. . 
All resistor values are in ohms 
-6V As seen from Table 1, the output spectrum suffers an amplitude 


increase of undesired sideband signals when either the modulation 
or carrier signals are high. Indeed, the modulation level can be 
increased if Re is increased without significant consequence. 
However, large carrier signals cause odd harmonic sidebands 
where lg is the current set in the current sources. (Figure 4) to increase. At the same time, due to imperfections of the 
carrier waveforms and small imbalances of the device, the second 
harmonic rejection will be seriously degraded. Output filtering is 
often used with high carrier levels to remove all but the desired 
sideband. The filter removes unwanted signals while the high carrier 
level guards against amplitude variations and maximizes gain. 
Broadband modulators, without benefit of filters, are implemented 
using low carrier and modulation signals to maximize linearity and 
minimize spurious sidebands. 








Figure 3. Dual Supply Biasing 


Veias = Vee = 500 x Ig 


For the example Vpe is 700mV at room temperature and the bias 
voltage at Pin 5 becomes 1.7V. Because of the cascode 
configuration, both the collectors of the current sources and the 
collectors of the signal transistors must have some voltage to 
operate properly. Hence, the remaining voltage of the negative 
supply (-6V+1.7V=—4.3V) is split between these transistors by 
biasing the signal transistor bases at —-2.15V. Countless other bias 
arrangements can be used with other power supply voltages. The 


(fc+fg 






AMPLITUDE ———» 


(3f¢-ts) 
(3fc+ fs) 


(3f C+ 2fs) 


FREQUENCY —> 


NOTES: 
fc Carrier Fundamental 


fg Modulating Signal 
fc + fg Fundamental Carrier Sidebands 


fc tnfg Fundamental Carrier Sideband Harmonics 


ntc Carrier Harmonics 
nfc + nfg Carrier Harmonic Sidebands 


Figure 4. Modulator Frequency Spectrum 
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AM MODULATOR demodulated by the synchronous AM demodulator (1496) where the 
The basic current of Figure 5 allows no carrier to be present in the carrier frequency is attenuated due to the balanced nature of the 
output. By adding offset to the carrier differential pairs, controlled device. Care must be taken not to overdrive the signal input so that 
amounts of carrier appear at the output whose amplitude becomes a distortion does not appear in the recovered audio. Maximum 

function of the modulation signal or AM modulation. As shown, the conversion gain is reached when the carrier signals are in phase as - 
carrier null circuit is changed from Figure 5 to have a wider range so indicated by the phase-gain relationship drawn in Figure 7. 

that wider control is achieved. All connections are shown in Figure Output filtering will also be necessary to remove high frequency sum 
6. components of the carrier from the audio signal. 


As pointed out in Equation 1, the output of the balanced mixer is a 
cosine function of the angle between signal and carrier inputs. 
Further, if the carriecinput is driven hard enough to provide a 
switching action, the-6utput becomes a function of the input 
amplitude. Thus the output amplitude is maximum when there is 0° 
phase difference as shown in Figure 7. 


The versatility of the balanced modulator or multiplier also allows the 
device to be used as a phase detector. As mentioned, the output of 
the detector contains a term related to the cosine of the phase 
angle. Two signals of equal frequency are applied to the inputs as 
per Figure 8. The frequencies are multiplied together producing the 
sum and difference frequencies. Equal frequencies cause the 


Amplifying and limiting of the AM carrier is accomplished by IF gain difference component to become DC while the undesired sum 
block providing 55dB of gain or higher with limiting of 400uV. The component is filtered out. The DC component is related to the phase 
limited carrier is then applied to the detector at the carrier ports to angle by the graph of Figure 9. 


provide the desired switching function. The signal is then 


1k 
O +12VDC 
as RL 
3.9k 
51 
© 
CARRIER VC 9-1HF +Vo 
INPUT o—- l 49 
MODULATINGo ‘ 4 MC1496 
SIGNAL 
INPUT Vs 
g 10k 10k g 51 51 ; 
50k t 
I5 
6.8k 
CARRIER J 
NULL ee 
NOTE: v- + 
All resistor values are in ohms -8VDC 
Figure 5. Double Suppressed Carrier Modulator 


Table 1. Voltage Gain and Output vs Input Signal 


CARRIER INPUT SIGNAL (Vc) APPROXIMATE VOLTAGE GAIN OUTPUT SIGNAL FREQUENCY(S) 


Low-level DC 


High-level DC 























Low-level AC 
| : fo + fm, 3fc + fu. 
High-level AC oe 5fc + fu... 
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+12VDC 
O 















CARRIER YC 




























































INPUT 10 MC1596K 
MODULATING © MC1496K 
SIGNAL INPUT 
Vs -Vo 
CARRIER ADJUST 
NOTE: V- 
All resistor values are in ohms -8VDC 
Figure 6. AM Modulator 
+12V 
re) 
oo ——__-® 
Stk $ 
AM CARRIER IS 
AMPLIFIED AND 
1 LIMITED HERE Hi 
1k A 
| | fey 
2 3 
4 ue +! , P . 
10 
AMPLIFIER AND 4, 
2 LIMITER 10k 50k 10k a 
ST AVAVA Vann AVA VEAVAVAY 4 7 12 —O 
1 fl Vv 
51 6.8k DE-EMPHASIS O 
U 
il y 
ace eae estas Se = -90° 0 go° 
NOTE: i Ver PHASE ANGLE 


All resistor values are in Q. 


Figure 7. AM Demoduiator 
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oO 

euT SAA OOS 

= 90° SS eieetaeneeniaenaen see 8VDC AVERAGE 
PHASE 2 o=0° (YVYVVVVYV\ + VDC AVERAGE 


Figure 9. Phase Detector + Voltages 








NOTE: 
All resistor values are in,Q. 
o v- 


-8VDC 
Figure 8. Phase Comparator 


At 90° the cosine becomes zero, while being at maximum positive or 
maximum negative at 0° and 180°, respectively. . 








The advantage of using the balanced modulator over other types of 
phase comparators is the excellent linearity of conversion. This 
configuration also provides a conversion gain rather than a loss for 
greater resolution. Used in conjunction with a phase-locked loop, for 
instance, the balanced modulator provides a very low distortion FM 
demodulator. 


FREQUENCY DOUBLER 

Very similar to the phase detector of Figure 8, a frequency doubler 
schematic is shown in Figure 10. Departure from Figure 8 is 
primarily the removal of the low-pass filter. The output then contains 

the sum component which is twice the frequency of the input, Ail (as or wales ate ee 
since both input signals are the same frequency. 








Figure 10. Low Frequency Doubler 
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DESCRIPTION 

The NE/SA600 is a combined low noise amplifier (LNA) and mixer 
designed for high-performance low-power communication systems 
from 800-1200MHz. The low-noise preamplifier has a 2dB noise 
figure at 900MHz with 16dB gain and an IMg intercept of -10dBm at 
the input. Input and output impedances are 50Q and the gain is 
stabilized by on-chip compensation to vary less than +0.5dB over 
the -40 to +85°C temperature range. The wide-dynamic-range 
mixer has a 14dB noise figure and IM3 intercept of +6dBm at the 
input at 900MHz. Mixer input impedance is 50Q with an 
open-collector output. The chip incorporates an option so the LNA 
can be disabled and replaced by a through connection. The 
amplifier IM3 intercept increases to +26dBm in this mode; thus, large 
signals can be handled. The nominal current drawn from a single 
5V supply is 13mA and 4.2mA in the LNA thru mode. 


FEATURES 


® Low current consumption: 138mA nominal, 4.2mA in the LNA thru 
mode 


® Excellent noise figure: 2dB for the amplifier and 14dB for the 
mixer at 90OMHz 


® Excellent gain stability versus temperature 
® Switchable overload capability 

®@ Amplifier matched to 50Q 

® Mixer input matched to 50Q 

® Oscillator input matched to 50Q 


ORDERING INFORMATION 







14-Pin Plastic Small Outline (SO) package (Surface-mount) 





BLOCK DIAGRAM 












DESCRIPTION TEMPERATURE RANGE ORDERCODE | DWG# | 
14-Pin Plastic Small Outline (SO) package (Surface-mount) Oto+70°C NE600D 0175D 
-40 to +85°C SA6O0D 


Vocmx IF OUT GND iy RF INMX 


PIN CONFIGURATION 





D Package 


Voc 
GNDB 
RF INA 
GNDai 

BYPASS 
GNDLO 


LOIN 


APPLICATIONS 
® 900MHz front end for GSM/AMPS/TACS/ hand-held units 


@ RF data links 
@ UHF frequency conversion 
® Portable radio 
® Spread spectrum receivers 


® 900MHz cordless phones 





GND ao RFOUTA ENABLE 
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ABSOLUTE MAXIMUM RATINGS 















Pe Power dissipation, Ta = 25°C (still air)? | a 
14-Pin Plastic SO, . 980 mW 
[Pius [Maximum powerinpulouut 0 





NOTE: | =e 

1. Transients exceeding 9V on Vcc pin may damage product. 

2. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 6),: 
. ~ 14-Pin SO: BjiA= 125°C/W 

3. CAUTION: The NE/SA600 is built on a BiCMOS process and is sensitive to electrostatic discharge. 


RECOMMENDED OPERATING CONDITIONS 





SYMBOL PARAMETER RATING UNITS 
Veo, Veowx | Supply voltage 451055 


Operating ambient temperature range 











NE Grade 0 to +70 °C 
SA Grade -40 to +85 > 


TA . C 
Operating junction temperature 

NE Grade 0 to +90 °C 

Ty SA Grade -40 to +105 °C 


DC ELECTRICAL CHARACTERISTICS1:2 
Voc = Veomx = +5V, Ta = 25°C; Test Figure 1, unless otherwise stated. 


. LIMITS 
SYMBOL PARAMETER TEST CONDITIONS [MIN | 80] TYP | +30 | MAX UNITS 


a ee ; 
yl acd ls " 


[Vz _[Enabietogictireshovotage | SSCSCSC~sSC ter] te? ae | 
[Vis [Logic Tlevel: UNA gainmode | ——SSC~CS—S 20 | dT Sid (Co | 
[Vi [Logic level INAthumode [SCS | dT SCY C(t 


input hi io | 

Pew [uomnnnanvtoe | eateemanan 
| Vey _| i 4 
fd 

—_—e 



























Vey __| LNA bypass bias voltage Enable input high Lee 
Mixer AF nput ties viags—[— 


Mixer LO input bias voltage 


NOTE: 
1. The ENABLE input must be connected to a valid logic level for proper operation of the NE/SA600. 





2. Standard deviations are estimated from design simulations to represent manufacturing variations over the life of the product. 
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AC ELECTRICAL CHARACTERISTICS1:2 


SYMBOL PARAMETER 


LNA (Vcc = Vecmx = +5V, Ta = 25°C; Enable = Hi, Test Figure 1, unless otherwise stated.) 


[Sx [Ampliorgan—SSCSC~—~—CSC—C—sSSC‘“‘“~*~‘sOONSCCSC~“‘i*s‘CCYSCTO CC 
Sa [Amplifier ganinthrumods | ___Enable=10,e00mrz | 90 | 75 | -60 | oB 










ce 






UNITS 






TEST CONDITIONS 











0 
3 
Coupling = 100pF 10 
t Amplifier turn-off time Enable H fe ak ey as ee oe ee 


[aa /AT_ [Gain temperature sonsiiviy enabled | ___—-900wHz” ——=—S~CSC*C*~‘“ztCOOOH | C*d;CBO_ 
ASq\IAT [Gain temperature senstivlyin thru mode | __Enable=L0,e00mHz |__| 0014 | | aero 
[aSaiat_[Gainirequencyvariaion | ____S00MHz-t2GHz +t +i 0014 |__| oBIMHZ 
[Siz [Ampiierreverse isolation +i ——~—S~t OM SSCSC~‘“dtC CCC | 
[Si [Amaliferinputmaton® ————SCSC~CSC*C“‘“‘~*~*~sOOMSCSCSC~C~“‘“‘*~*sC~*CtCsd?S YC 
[Sex Ampiferoutputmatch——~d~SSSCSCS~OMH —SSCSC~*dC Hw | tt | 
eo eee ee es 

[Amp input re-order intercept (hu mode) | Test Fig. 2, 00MHz, Enabie=tO |__| 26 |_| dBm 

TAmpifernoise figure ———SCSC*SCSC‘“‘“‘*éOOMZ:=SC*“‘“‘C#*'SCV’”:*YSC® «YB 
cna 









ala 





Rui = Rig= 1KO 25 
S41RE Mixer input match 900MHz 


a 
N 


NFu | Mixer SSB noise figure Test Fig. 3, 900MHZz, fie =80MHz 


—h 
A de 
oe) 


P.1gp | Mixer input 1dB gain compression 900MHz 
IP3iNT Mixer input third order intercept . 900MHz 


: 
“J 
2. 
88) 
| 


a a — a — ee 
Garwir [MixerAF feedthrough «| S~«OOH2, OOF 
Gioir [MixerLOTeedtrough ‘| S00MH, r= SF 
Ginsu | Local osdllator to mixerinputTesdinvough | somes 
Sa : 
airy 
aa 


“4 
oO 
iis 


VGc _ | Mixer voltage conversion gain Riz = Rr = 1kQ 10.4 | 11.3 | 
PGc = = 
+ 


A) 
23 
5 
24 


Gio-rF_ | Local oscillator to RF input feedthrough 900MHz . fe 
Grero-ren | Filter feedthrough 900MHz : 
LNA + Mixer (Vcc=Vocmx=+5V, Ta=25°C, Enable=Hi, f.q=1GHz @ OdBm, far = 9OOMHZ, fir = 100MHz, Test Fig. 1, unless otherwise 
stated) 


-20 
14 

-4 
+6 
20 

= a 
33 
20 
46 
39 









[Pc [Overall power conmeriongan «dT SSOSCSCSCSCSSSS | Cid: 

[NF [Overalmnosefgure———SCSC~dT ~SSSCSCSCSCSCSSSSC*dY~SSCid | Cr 
[185 [Overaltinput Sr-orderintercapt | i 3 a 
NOTE: ~ 


1. All meausrements include the effects of the NE/SA600 Evaluation Board (see Figure ) unless otherwise noted. Measurement system 
impedance is 50Q. 


2. Standard deviations are estimated from design simulations to represent manufacturing variations over the life of the product. 


3. With a shunt 15nH inductor at the input of the LNA, the value of S44 is typically -15dB. 
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TYPICAL APPLICATION TEST FIGURE 1 


| 
| 
RF 
INPUTO—— : 
900MHz =: 100pF 
~ NE/SA600 RF IN MX 


IMAGE 
REJECTION 
FILTER 





100pF 
| & POWER-DOWN 
CONTROL 
LO INPUT 

0dBm = 

1.0GHz 
NOTES: : 
RATIO OF BYPASS TO SIGNAL COUPLING CAPS FOR LNA SHOULD BE 100:1 
OR GREATER. 
IF FILTER SHOULD BE AC COUPLED. 











RF 
INPUTO—— 


Q900MHz —0«.04:F 





NE/SA600 








POWER-DOWN 
CONTROL 








LO INPUT 
0dBm = 
1.0GHz 





TEST FIGURE 2 TEST FIGURE 3 





470nH_ IF OUT 










RF : 0.01, 4.7pF 
INpPuTO—— | —3| , — oe 
900MHz 100pF 






NE/SA600 








POWER-DOWN 
CONTROL 
LO INPUT 


0dBm = 
1.0GHz 





470nH IF OUT 


RFE : 4.7pF 
INPUTO——| 3 ae one 


900MHz 0.01,.F = 
RF IN MX 


| REJECTION 
FILTER 





POWER-DOWN 
CONTROL 
LO INPUT 
O0dBm oa 
1.0GHz 
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NOTE: All performance curves include the effects of the NE/SA600 evaluation board. 


LNA S21 CHARACTERISTICS 4.5V < Vcc = Vecmx < 5.5V, Test Figure 1, unless otherwise specified. 


LNA S21 vs Frequency LNA S21 vs Frequency 










20 ~ 
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o < 
2 = 
= 0 
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a eee 


~20 -10 
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LNA S21 Phase vs Frequency LNA S21 vs Frequency and 
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3 a= 
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w -60 
) E 
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@ 
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a 
-100 
~120 
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LNA S21 vs Frequency and Temperature LNA Thru S21 vs Frequency and Temperature 
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LNA $11/S12/S22 CHARACTERISTICS 4.5V < Vcc = Vocmx < 5.5V, Test Figure 1, unless otherwise specified. 





LNA S11 vs Frequency and Temperature LNA $12 vs Frequency 





-4 
-20 
Be —_ 
oO a 
{ss} 
Ss -8 = _39 
rat a 
Qa 
> ~10 = 
E = —40 
g 
O -12 < 
= a -50 
14 = 
-16 —60 
-18 — 
~20 
800 900 1000 1100 1200 = 
FREQUENCY (MHz) 10 ma aa oeaee 1000 2000 
LNA S22 vs Frequency and Temperature LNA Thru $11 and $22 vs Frequency 


$22 MAGNITUDE (dB) 
Sii MAGNITUDE (dB) 





800 900 1000 1100 1200 
FREQUENCY (MHz) 800 900 1000 1100 1200 
FREQUENCY (MHz) 


Table 1. S-Parameters 
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LNA OVERLOAD/NOISE/DISTORTION CHARACTERISTICS 
4.5V < Voc = Vecmx < 5.5V, Test Fig. 1, unless otherwise specified. 


LNA Input 1dB Gain Compression Point vs Frequency 


P-1 (dBm) 





1000 
FREQUENCY (MHz) 


LNA 50Q Noise Figure vs Frequency 





1000 
FREQUENCY (MHz) 


LNA Input Third-Order Intercept vs Frequency 








800 900 1000 1100 1200 
FREQUENCY (MHz) 
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LNA Input 1dB Gain Compression Point vs Temperature 


P—1 (dBm) 





40 -20 0 20 40 60 80 100 
TEMPERATURE (°C) 


LNA 50Q Noise Figure vs Temperature 


NF (dB) 





TEMPERATURE (°C) 
LNA Input Third-Order Intercept vs Temperature 





~40 -20 0 20 40 60 80 100 
TEMPERATURE (°C) 
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MIXER GAIN/NOISE CHARACTERISTICS 4.5V < Vcc = Vocmx < 5.5V, Test Figure 1, unless otherwise specified. 








Mixer Voltage Conversion Gain vs LO Power 


Frf = 900MHz 
Flo = 1GHz 
Fif = 100MHz 


VOLTAGE CONVERSION GAIN (dB) 





=i0 <8 <6 <4 0 2 4 6 
LO POWER (dBm) 


Mixer Voltage Conversion Gain vs Temperature 











Mixer Voltage Conversion Gain vs IF Frequency 


Frf = 900MHz 
Flo > Frf 
Plo = 0dBm 


VOLTAGE CONVERSION GAIN (dB) 





0 50 100 150 200 250 300 


IF FREQUENCY (MHz) 
Mixer 500 Noise Figure vs LO Power 
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MIXER OVERLOAD/DISTORTION CHARACTERISTICS 4.5 < Vcc = Vecmx < 5.5V, Test Fig. 1, unless otherwise specified 


Mixer Input 1dB Gain Compression Point vs LO Power 


TEST FIGURE 2 


P—1 (dBm) 


Frf = 900MHz 
Plo = 1GHz 
Fif = 100MHz 





-10 -8 6 4 -2 0 2 4 6 
LO POWER (dBm) 


Mixer Input Third-Order Intercept Point vs LO Power 


IP3 (dBm) 


Frf1 = 900MHz 
Frf2 = 901MHz 
Flo = 1GHz 

Fif = 100MHz 





46 4 -2 0 2 4 6 
LO POWER (dBm) 


Mixer Input Third-Order Intercept Point vs RF Frequency 
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IP3 (dBm) 


Frf1 = 900MHz 
Frf2 = 901MHz 
Flo = 1GHz 
Plo = 0dBm 
Fif = 100MHz 





—40 -20 0 20 40 60 80 100 
TEMPERATURE (°C) 


42 


Philips Semiconductors RF Communications Products 


1GHz LNA and mixer 


Product specification 


NE/SA600 


MIXER $11/ISOLATION/INTERFERENCE CHARACTERISTICS 


4.5< Voc = Vccmx < 5.5V, Test Fig. 1, unless otherwise specified 


Mixer S11 at RF Port 
vs Frequency and Temperature 





800 900 1000 1100 1200 
FREQUENCY (MHz) 


Mixer Output Interferring Signal vs 
Input Interferring Signal Strength 


$11 MAGNITUDE (dB) 


Frf = 900MHz 
Frf—interf = 901MHz 
Flo = 1GHz 

Plo = OdBm 

Fif = 100MHz 
Fif—interf = 98MHz 





OUTPUT INTERF. SIGNAL REL. TO OUTPUT SIGNAL (dB) 


-30 -25 -20 -15 -10 -5 0 5 10 
INPUT INTERFERRING SIGNAL (dBm) 
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Mixer S11 at LO Port 
vs Frequency and Temperature 
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OVERALL PERFORMANCE: ISOLATION CHARACTERISTICS 
4.5 < Voc = Vccmx < 5.5V, Test Fig. 1, unless otherwise specified 





Isolation From LNA Output to Mixer 
RF input vs Frequency 


ENABLE=HI 





ISOLATION MAGNITUDE (dB) 








800 900 1000 1100 1200 


FREQUENCY (MHz) 








SPECIFICATIONS 

The goal of the Specifications section of the datasheet is to provide 
information on the NE/SA600 in such a way that the designer can 
estimate statistical variations, and can reproduce the 
measurements. To this end the high frequency measurements are 
specified with a particular PC board layout. Variations in board 
layout will cause parameter variations (sensitive parameters are 
discussed in the sections on the LNA and mixer below). For many 
RF parameters the +3 sigma limits are specified. Statistically only 
0.26% of the units will be outside these limits. 


The LNA + mixer conversion gain is measured with an incident 
900MHz signal and a 883MHZ SAW filter at the IF output. This 
measurement along with a gain measurement of the LNA ensure the 
correct operation of the chip and also allows a calculation of mixer 
conversion gain. 


PIN DESCRIPTIONS AND OPERATIONAL LIMITS 


RFina 

Input of LNA, AC coupling required, DC = 0.78V, frequency range 

from DC to 2GHz, gain at low frequencies is 40dB — so be careful 
of overload, impedance below 50Q, shunt 15-18nH inductor helps 

input match and noise figure. 


RFouta 
Output of LNA, AC coupling required, DC = 1.27V, frequency range 


from DC to 2GHz, impedance above 509. 


BYPASS 
Bypass capacitor should be 100 times larger than the largest signal 
coupling capacitor for the LNA, DC = 1.05V. 


RFinmx 


Mixer RF port, AC coupling required, DC = 1.43V, frequency range 
from 100MHz to 2.5GHz, impedance close to 50Q resistive. 
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Isolation From LO vs Frequency 
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Mixer LO port, AC coupling required, DC=3.35V, frequency range 
from 100MHz to 2.5GHz, impedance close to 50Q resistive. 


IFout 
Mixer IF port, open-collector output with 1.6mA DC, frequency range 


DC to 1GHz, impedance approximately 1pF capacitive. 


Enable ; 
TTL/CMOS compatible input. Bias current approximately zero. 


CONVERSION GAIN DEFINITIONS 

Referring to the figure above, we define the ratio of Va (at the IF 
frequency) to V, (at the RF frequency) to be the Available Voltage 
Conversion Gain, or more simply Voltage Conversion Gain, 











V\ 


RF 











VGo = 20 (YA) 
Cc V, 


where Va and V| are expressed in similar voltage units (Such as 
peak-to-peak). The voltage output Va is decreased by the IF Filter 
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loss (and any other matching required). Typically, VGc is 10.4dB for 
the NE/SA600 mixer with the net IF impedance equal to 500Q. 


It is more common to express the conversion gain in terms of power, 
so we have the Power Conversion Gain, 


P 
PG = 1oleg{$* — 3dB 
! 


where Pa = Va2/ Rip and P; = Vi2/ Rar. Rig is the net resistance at 
the IF frequency at the IF port, and Rear is the input impedance at 
the mixer RF port. With a 500Q IF impedance and a 50Q FF input 
impedance, the conversion gain works out to —2.6dB typically. The 
power delivered to the load is down 3cB with respect to the available 
power because of loss in R;1. 


ae 


THEORY OF OPERATION 

The NE/SA600 is fabricated on the Philips Semiconductors 
advanced QUBiC technology that features 1m channel length 
MOSFETs and 13GHz FT bipolar transistors. 


LNA 

The Low Noise Amplifier (LNA) is a two stage design incorporating 
feedback to stablize the amplifier. An external bypass capacitor of 
(typically) 0.01F is used. The inputs and outputs are matched to 
50Q. The amplifier has two gain states: when the ENABLE pin is 
taken high, the amplifier draws 9mA of current and has 16dB of gain 
at 900MHz. When the ENABLE pin is low, the amplifier current goes 
to zero, and the amplifier is replaced by a thru. Typical loss for the 
thru is 7dB. This dual-gain state approach can be used in 
bang-bang control systems to achieve a low gain, high overload 
front-end as well as the more usual high gain, low overload 
front-end. 


The amplifier has gain to frequencies past 2GHz, but a practical 
upper end is 1.6-1.7GHz. Both the input match and the noise figure 
(NF) can be improved with a-shunt 15-18nH inductor at the input. 
Typically, the gain increases 0.4dB, the match improves to 13-16dB, 
and the noise figure drops to 1.95-2dB. Variations of any of the RF 
parameters with Vcc is negliglible, and variation with temperature is 
minimal. 


Mixer 

The mixer is a single-balanced topology designed to draw very low 
current, typically 4mA, and provide a very high input third-order 
intermodulation intercept point , typically |P3=+6dBm. The RF and 
LO ports impedances are nearly 50Q resistive, and the IF output is 
an open collector. The open-collector output allows direct 
interfacing with high impedance IF filters, such as surface acoustic 
wave (SAW) filters without the need for external step-up 
transformers (which are needed for 50Q output mixers). 


The basic mixer is functional from DC to well over 2.5GHz, but RF 
and LO return losses degrade below 100MHz. The IF output can be 
used from DC to 500MHz or more, although typically the 
intermediate frequency is in the range 45-120MHz in many 900MHz 
receivers. To achieve the lowest noise, the LO drive level should be 
increased as high as possible, consistent with power dissipation 
limitations. 


POWER SUPPLY ISSUES 


Voc bypassing is important, but not extremely critical because of 
the internal supply regulation of the NE/SA600. The Pin 1 Vcc 
supplies the LNA and powers overhead circuitry. Typical current 
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draw is 9.8mA while enable is high (1mA powered down). The Pin 
14 Vocmx powers the mixer and typically has.3.2mA of current 
(assuming an inductor biasing the IFout back to Vccyyx). Care must 
be taken to avoid bringing any IC pin above Vcc by more than 0.3V, 
or below any ground by more than 0.3V. For example, this can 
occur if the enable pin is fed from a microcontroller that is powered 
up quicker than the NE/SA600. In this condition the internal 
electrostatic discharge (ESD) protection network may turn-on, 
possibly causing a part misfunction. Generally this condition is 
reversible, so long as the source creating the overstress is current 
limited to less than 100mA. To avoid the problem, make sure both 
Vcc pins are tied together near the IC, and install a 1kQ resistor in 
series with the enable pin if it is likely to go above Voc. 


BOARD LAYOUT CONSIDERATIONS 

The LNA is sensitive to mutual inductance from the input to ground. 
Therefore long narrow input traces will degrade the input match. ~~ 
Ideally, a top side ground-plane should be employed to maximize 
LNA gain and minimize stray coupling (such as LO to antenna). To 
avoid amplifier peaking, the output and input grounds should not be 
run together. Attach both grounds to a solid ground plane. A solid 
ground plane beneath the package wiil maximize gain. Top side to 
back side ground through holes are highly recommended. 


The mixer is relatively insensitive to grounding. Care should be 
taken to minimize the capacitance on the RF port (Pin 11) for best 
noise figure. Also, the capacitance on the IFout pin must be kept 
small to avoid conversion gain rolloff when using high IF 
frequencies. The purpose of the inductor from IFout to Vcc is to set 
the midpoint of the IF swing to be Vcc. Without this inductor the 
part is sensitive to output overload under low Vcc (Vcc = 4.5V) and 
hot temperature conditions. The Vecyx pin must be kept at the 
same potential as the Vcc pin. 


a 


APPLICATIONS INFORMATION 

The NE/SA600 is a high performance, wide-band, low power, low 
noise amplifier (LNA) and mixer circuit integrated in a BICMOS 
technology. It is ideally suited for RF receiver front-ends for both 
analog and digital communications systems. 


There are several advantages to using the NE/SA600 as a high 
frequency front-end block instead of a discrete implementation. First 
is the simplicity of use. The NE/SA600 does not need any external 
biasing components. Due to the higher level of integration and 
small footprint (SO14) package it occupies less space on the printed 
circuit board and reduces the manufacturing cost of the system. 
Also the higher level of integration improves the reliability of the LNA 
and mixer over a discrete implementation with several components. 


The LNA thru mode in NE/SA600 helps reduce power consumption 
in applications where the amplifiers can be disabled due to higher 
received signal strength (RSSI). Other advantages of this feature 
are described later in this section. 


The mixer is an active mixer with excellent conversion gain at low 
LO input levels, so LO levels as low as -5dBm to -10dBm can be 
used depending on the applications requirement for mixer gain, 
mixer noise figure and mixer third order intercept point. This 
reduces the LO drive requirements from the VCO buffer, thus 
reducing its current consumption. Also, due to lower LO levels, the 
shielding requirements can be minimized or eliminated, resulting in 
substantial cost savings and weight and space reduction. 
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And last but not least, is the impedance matching at LNA inputs and 
outputs and mixer RF and LO input ports. Only those who have 
toiled through discrete transistor implementations for 50Q input and 
output impedance matching can truly appreciate the elegance and 
simplicity of the NE/SA600 input and output impedance matching to 
50Q. Also, the mixer output impedance is high, so matching to a 
crystal or SAW IF filter becomes extremely easy without the need for 
additional IF impedance transformers (tapped-C networks with 
inductors or baluns). 


The NE/SA600 applications and demo board features standard low 
cost 62mil FR-4 board. A top-side ground plane is used and 50Q 
coplanar transmission lines are used. LO and RF; a traces are 
perpendicular. Provisions for the image reject filter between RFouta 
and RFijmx are ptovided. A simple LC match for 80MHz IF is used 
so that 50Q2 measurements can be made on the demo board. 


The NE/SA600 applications evaluation board schematic is shown in 
Figure 1. The Vcc (Pin 1) and Vccy;x (Pin 14) are tied together and 
the power supply is bypassed with capacitors C5 and C6. These 
capacitors should be placed as close to the device as practically _ 
possible. 


C1 is the DC blocking capacitor to the input of the LNA. L1 provides 
additional input matching to the LNA for an improved return loss 
(S11). This inductor can be a surface-mount component or can be 
easily drawn on the printed circuit board (small spiral or serpentine). 
This additional match improves the gain of the LNA by 0.4dB and 
lowers the noise figure to 2dB or less. If the typical gain of the LNA 
of 16dB is acceptable with 2.2dB of noise figure, then L1 can be 
eliminated. If the LNA input is fed from a duplexer or selectivity 
filter after the antenna, C1 can also be eliminated since the filter will 
also provide DC blocking. The LNA bypass capacitor C3 should be 
at least 100 times C1 or C9 for low frequency stability. Switch S1 
toggles the LNA gain/through function. R1 is used only to limit the 
maximum current into the enable pin and only necessary if enable 
may power up before the Vcc. 


C4 is a DC blocking capacitor for the LO input pin and may not be 
needed in actual applications if the VCO output is isolated and will 
not upset the internal DC biasing of the mixer. The image reject 
filter goes between the output of the LNA and the PF input to the 
mixer. Since the LO input, RF output and mixer input are all 50Q 
matched impedances internally, there is no need for any external 
components. C8 and C9 are DC blocking capacitors to the 
connectors and will not be needed in an actual application. 


R2 and L2 are the load to the mixer output which is typical of the IF 
crystal or SAW filters. C2 and L3 provide a match from the high 
impedance mixer output to a 50Q test set-up (spectrum analyzer, 
etc.) and C7 is a DC blocking capacitor for the mixer output. 


The printed circuit board layout for the schematic of Figure 1 is 
shown in Figure 3. It is a very simple printed circuit board layout 
with all the components on a single side. The layout also 
accomodates a two pole image reject filter between the LNA outupt 
and mixer input. All the input and output traces to the LNA and 
mixer should be 50Q tracks with the exception of mixer output, 
which can be very narrow due to the higher impedances of the filter. 


The NE/SA600 internal supply is very well regulated. This is seen 
from Figure 4 which shows the Icc vs. Vcc for the NE/SA600. Table 
1 shows the S11, S21, S22 and S21 for the LNA from 
800-1200MHz. Typical measurements at 900MH for the critical 
parameters such as gain, noise figure, IP3, 1dB compression point, 
etc. as measured on an applications evaluation board are as follows 
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LNA gain = 16.5dB 

LNA through = —7dB 

Mixer gain =—3dB (into a 50Q load) 
LNA noise figure = 2dB 

Mixer noise figure = 14dB 

LNA IP3 = —10dBm (in gain mode) 
LNA IP3 = +26dBm (in through mode) 
LNA 1dB compression point = -20dBm 
Mixer 1dB compression point = -4dBm 


The shunt inductor L1 for input match is optional. Figure 5 shows 
the effect of the inductor value from 8.2nH to 15nH on gain, noise 
figure and input match. ; 


The total power gain for the LNA and mixer (excluding the image 
reject filter) in a system where the output of the mixer is loaded with 
50Q is about 14dB. In an actual system the output impedance of 
the mixer is usually much higher than 50Q (more like 1kQ or higher) 
and so it is more important to consider the voltage gain from the 
input at the LNA to the mixer output. The voltage gain in this case 
will be about 29.85V/V. The total noise figure for the LNA and mixer 
combination is be about 3.27dB. The input third order intercept 
point for the LNA and mixer is about -11dBm. In the LNA through 
mode, the intercept point for the combination is higher than 
+19dBm. This LNA through feature provides an additional boost to 
the total dynamic range of the system. 


The NE/SA600 finds applications in many areas of RF 
communications. It is an ideal down converter block for high 
performance, low cost, low power RF communications transceivers. 
The front-end of a typical AMPS/TACS/NMT/TDMA/CDMA cellular 
phone is shown in Figure 2. This could also be the front-end of a 
VHF/UHF handheld transceiver, UHF cordless telephone or a 
spread spectrum system. 


The antenna is connected to the duplexer input. The receiver output 
of the duplexer is connected to the RF input of the LNA. If the 
additional improvement in noise figure and gain are not needed to 
meet the system specifications then L1 and C1 can be eliminated. 
In TDMA systems, the NE/SA600 can be totally powered down by 
Q1 and the two resistors. In this mode the current consumption will 
be zero mA. Care should be taken in the software of the system to 
insure that the enable pin on NE/SA600 tied to the LNA gain control 
port is held low while the device is in total power down mode. L2 
and C2 can be tuned to the IF frequency and to match to the IF filter 
impedance. . 


A complete analysis of the front-end shows that the total voltage 
gain from the antenna input to the mixer output is about 9.5V/V. This 
value includes a 3.2dB loss for the duplexer and a 1.8dB loss for the 
bandpass filter. The noise figure as referred to the antenna is 7dB 
and the input third order intercept point is about -7.5dBm. In LNA 
through mode the input third order intercept point increases to about 
+24dBm. | 


During normal operation of a handheld RF receiver the received 
signal strength (RSS!) is nominally greater than -100dBm. The 
signal only drops below this level due to severe multipath fading, 
shadow effect or when the receiver is at extreme fringes of cell 
coverage. The LNA through mode can be used here as a two step 
gain control such that when RSSI is below a certain threshold level 
(e.g. -90dBm), the LNA has a -7dB loss and the totai current 
consumption of the NE/SA600 is only 4.3mA. The sensitivity of the 
system will not suffer because the received RF signal is much higher 
than the noise floor of the system. When the RSS| falls below a 
certain threshold (e.g. -95dBm) the LNA is enabled to give the full 
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16.5dB of gain with 2dB of noise figure. In this mode the current 
consumption is increased to 13mA. But for hand-held equipment, 
the average current consumption will be closer to 5-6mA. The other 
advantage of the LNA through mode besides power savings is the 
input overload characteristics. Due to the much higher input third 
order intercept point of the LNA (+26dBm), the receiver is immune to 
strong adjacent channel interference. Implementing this feature with 
an FM/IF device such as the NE625/7 with fast RSSI response and 
a window comparator toggling the LNA mode of NE/SA600, a fast 
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This is a very useful feature to equalize multipath fading effects ina 
mobile radio system. 


In conclusion, the NE/SA600 offers higher level of integration, higher 
reliability, higher level of performance, ease of use, simpler system 
design at a cost lower than the discrete multi-transistor 
implementations. In addition, the NE/SA600 provides unique 
features to enhance receiver performance which are almost 
unattainable with discrete implementations. 
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DESCRIPTION 
The SA601 is a combined RF amplifier and mixer designed for 
high-performance low-power communication systems from 


800-1200MHz. The low-noise preamplifier has a 1.6dB noise figure 


PIN CONFIGURATION 
DK Package 


vec || 








at 900MHz with 11.5dB gain and an IP3 intercept of -2dBm at the LNA GND [2| td GND 
input. The gain is stabilized by on-chip compensation to vary less 
than +0.2dB over -40 to +85°C temperature range. The LNA IN|3| 1@ LNA OUT 
wide-dynamic-range mixer has a 9.5dB noise figure and |IP3 of GND |4 17] GND 
—2dBm at the input at 900OMHz. The nominal current drawn from a GND [5| @ MIXER IN 


single 3V supply is 7.4mA. The Mixer can be powered down to 





| GND 
further reduce the supply current to 4.4mA. GND|6| 19 
| MIXER PWRDN 14 MIXER OUT 
FEATURES volt Saal 


® Low current consumption: 7.4mA nominal, 4.4mA with the mixer 
powered-down 


® Outstanding LNA noise figure: 1.6dB at 9OOMHz 
® High system power gain: 18dB (LNA + Mixer) at 90OMHz 
® Excellent gain stability versus temperature and supply voltage 


® External >-7dBm LO can be used to drive the mixer 


ORDERING INFORMATION 






DESCRIPTION 


BLOCK DIAGRAM 
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20-Pin Piastic Shrink Small Outline Package (Surface-mount, SSOP) 








~ LOIN1|9 


LOIN2 10 











APPLICATIONS 
® 900MHz cellular front-end (NADC, GSM, AMPS, TACS) 


® 900MHz cordless front-end (CT1, CT2) 


@ 900MHz receivers 


TEMPERATURE RANGE | ORDERCODE | DWG# | 
-40 to +85°C SA601DK 1563 
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ABSOLUTE MAXIMUM RATINGS? 


SYMBOL PARAMETER RATING 
Supply voltage! | -0.3 to +6 
Voltage applied to any other pin -0.3 to (Voc + 0.3) 

= 


Power dissipation, Ta = 25°C (still air)@ 
20-Pin Plastic SSOP 









Maximum power input/output 
Storage temperature range -65 to +150 


NOTE: 

1. Transients excéeding 8V on Vcc pin may damage product. 

2. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 
Oya: 20-Pin SSOP = 110°C/W 

3. Pins 9 and 10 are sensitive to electrostatic discharge (ESD). 


RECOMMENDED OPERATING CONDITIONS 
















DC ELECTRICAL CHARACTERISTICS 
Voc = +3V, Ta = 25°C; unless otherwise stated. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS ae UNITS 


[Viwen [UNAimputbiasvotass TT TO 
[Minwour [UNAouputbasvotass TE TLC 
[Vinca [WinerAFinputbasvotage SP SSCSC~SSSSC~iS (me 





loc 
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AC ELECTRICAL CHARACTERISTICS 
Voc = +3V, Ta = 25°C; LOjy = -7dBm @ 964MHz; unless otherwise stated. 











-0.5 dBm 


IP3 Amplifier input third order intercept | fo — fy = 25kHz, 881MHz 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS a UNITS 
ae oe 
ASo,/AT | Gain temperature sensitivity 881MHz —_ 0.003 fd dB/°C 
ASo,/Af__ | Gain frequency variation . 800MHz - 1.2GHz a ke dB/MHz 
Amplifier reverse isolation 881MHz aan iS | dB 
7 7 — 
Ampliffer input 1dB gain compression 881MHz eee a) 
: Ze ee 
Amplifier noise figure 881MHz ix es 1 
irre ee ae fg = 881MHz, fio = 964MHz, | 
VGco Mixer voltage conversion gain: Rp = Ry = 1kQ fiz = 83MHz 180 | 198 2 
: ieee esas, fg = 881MHz, fo = 964MHz, 
PGc Mixer power conversion gain: Rp = R, = 1kQ fp = 83MHz 5.0 p68 
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Mixer SSB noise figure | 9.5 | 1 
Mixer input 1dB gain compression 
Mixer input third order intercept 
Mixer input second order intercept 
Mixer RF feedthrough 
LO feedthrough to IF 
LO to mixer input feedthrough 
LO to LNA input feedthrough | 
LNA output to mixer input 

Mixer input to LO feedthrough 
NOTE: 


1. Simple L/C elements are needed to achieve specified return loss. 
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Figure 1. Application Circuit 








CIRCUIT TECHNOLOGY 
LNA 


Impedance Match: Intrinsic return loss at the input and output ports 
is 7dB and 9aB, respectively. With no external matching, the 
associated LNA gain is ~10dB and the noise figure is ~1.4dB. 
However, the return loss can be improved at 881MHz using 
suggested L/C elements (Figure 1) as the LNA is unconditionally 
stable. 


Noise Match: The LNA achieves 1.6dB noise figure at 881MHz 
when $4; =-10dB. Further improvements in S44 will slightly 
decrease the NF and increase So}. 


Temperature Compensation: The LNA has a built-in temperature 
compensation scheme to reduce the gain drift to 0.003dB/°C from 
—40°C to +85°C. 


Supply Voltage Compensation: Unique circuitry provides gain 
stabilization over wide supply voltage range. The gain changes no 
more than 0.5dB when Vcc increases from 3V to 5V. 


LO Drive Level: Resistor R1 can be replaced by an inductor of 
4.7nH and C13 should be adjusted to achieve a good return loss at 
the LO port. Under this condition, the mixer will operate with less 
than -10dBm LO drive. 
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IP3 Performance: C9 between Pin 16 and ground can be removed 
to introduce 3dB mismatch loss, while improving the IP3 to +3dBm. 
The associated noise figure is 11dB. 


Mixer 

Input Match: The mixer is configured for maximum gain and best 
noise figure. The user needs to supply L/C elements to achieve this 
performance. 


Power Gain: The gain can be increased by approximately 1.5dB by 
placing R2 across C7, instead of C5. 


Power Down: The mixer can be disabled by connecting Pin 7 to 
ground. When the mixer is disabled, 3mA is saved. 


Power Combining: The mixer output circuit features passive 
power combining (patent pending) to optimize conversion gain and 
noise figure performance without using extra DC current or 
degrading the IP3. For IF frequencies significantly different than 
83MHz, the component values must be altered accordingly. 


Filter Interface: For system integration where a high impedance 
filter of 1kQ is to be cascaded at the mixer IF output, capacitors C5 
and C6 need to be changed to 27pF and 1000pF, respectively. 
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Figure 2. SA601 Demoboard Layout (Not Actual Size) 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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CH1 


CH1 





$11 t U FS 4: 63.852 Q 160.23 Q 4.9269 pF 
START 200.000 000 MHz STOP 1200.000 000 MHz 


Soo 1 U FS 4. 99.543. 85.949 O 8.937 pF 





START 200.000 000 MHz STOP 1200.000 000 MHz 


Figure 3. LNA Input and Output Match (at Device Pin) 
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200.000 000 MHz 


21.286 Q 


" .42.3819 


900 MHz 
27.471 Q 


-35.48 Q 


600 MHz 
36.43 Q 


~70.445 Q 


400 MHz 


200.000 000 MHz 


31.48 Q 


-14.217 0 


900 MHz 
44.82 Q 


-30.191 Q 


600 MHz 
58.725 Q 
-50.83 Q 
400 MHz 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 












CH1 Soq 7 U FS 4: 6.2863 U -150.58 ° 
200.000 000 MHz 
1: 3.2504U 
91.219 ° 
900 MHz 
R (\> .  4.6877U 
M e: 112.03 ° 
600 MHz 
AN 
3: 5.3895U 
130.33 ° 
400 MHz 
START 200.000 000 MHz STOP — 1200.000 000 MHz 
CH1 $412 100mU FS 4: 35.343 mU ~  -76,128° 





200.000 000 MHz 


1: 89.561mU 
61.127 ° 
900 MHz 


64.608 ° 
600 MHz 


3: 58.082mU 
67.162 ° 
400 MHz 


START 200.000 000 MHz STOP 1200.000 000 MHz 


Figure 4. LNA Transmission and Isolation Characteristics (at Device Pin) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 








CH1 $11 1 U FS 4: 10.8672 1.64262 1.2543 nH 







200.000 000 MHz 


6.7168 Q 
9.5952.Q _ 
900 MHz 








START 200.000 000 MHz STOP 1200.000 000 MHz 








Figure 5. Mixer RF Input Match (at Device Pin) 








Table 2. Typical LNA and Mixer S-Parameters 
LNA 











[eee a ee eel 






| 200MHz | 63.852Q —j 160.23Q | 99.543Q —j 85.9492 6.2863U 2 150.58° | 35.348mU 776.128° | 10.8672 +j 1.6426Q 
| SOOMHz | 44.879Q—-j 101.692 | 73.387Q -j 67.7072 5.8096U Z 140.47° 47.946mU 271.169° | 10.40 +] 3.4609Q 


| SOOMHz | 30.3952 —j 48.393Q | 49.9280 —j 38.8130 5.0428U 2 120.5° 66.44mU Z 66.388° 9.3942 + j 6.0142Q 
| 6OOMHz | 27.471Q —j 35.48Q 44.82Q —j 30.1912 4.6877U Z 112.03° 74.51mU Z 64.608° 8.8945Q + j 7.22270 
700MHz 24.428Q — j 25Q 39.268Q — j 24.5020 4.2409U 2 104.44° 82.235mU 2 65.002° | 8.1353Q 4 j 8.15970 


800MHz | 22.4340 -j 17.2550 34.664Q —j 18.592 3.7491U 2 97.765° 86.582mU Z 62.743° 7.976Q + j 9.1958Q 
| 900MHz | 21.286Q —j 12.3810 31.48Q —j 14.2172 3.2504U 2 91.219° 89.561mU 7 61.127° | 6.7168Q + j 9.5952Q 
| 1000MHz | 20.2612 —j 8.7109Q 27.887Q —j 10.772 2.8785U Z 84.957° 95.135mMU 2 60.539° | 6.23982 4+} 10.2712 


36.482 — j 70.4450 58.725Q — | 50.83Q 5.3895U Z 130.33° 58.082mU Z 67.162° 10.0672 + | 4.897 
19.718Q —j 6.252Q 25.7419 — | 8.26072 2.5752U 2 82.893° 97.348mU Z 62.202° 6.07912 + j 10.5712 


1200MHz 19.1019 —j 4.93816 23.5840 —j6.2715Q | 2.1386U Z 80.257° 96.558mU Z 61.563° 5.8185Q + j 10.288 | 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 





Mixer RF Input Match vs. Frequency 
(Vcc = 3V) 
CH1 S11 log MAG 2dB/ REF -5 dB 


loc vs. Vec and Temperature © 

















Vec (V) START 800.000 000 MHz STOP 1 200. 000 000 MHz 
LNA Gain (S21) vs. Frequency LNA Isolation (S42) vs. Frequency 
(Vcc = 3V) | (Vcc = 3V) 
CH1 S21 log MAG 1 dB/ REF 10 dB CH1 S12 log MAG 5 dB/ REF -10dB 






















































| aa Ee a 
-40°C = A 25°C 
SHEE EEE Ss as ae 
ie a a 
START 800.000 000 MHz STOP 1 200. 000 000 MHz START 800.000 000 MHz STOP 1 200. 000 000 MHz 
LNA Input Match (Sj;) vs. Frequency LNA Output Match (S99) vs. Frequency 
(Vcc = 3V) (Voc = 3V) 
CH1 S44 log MAG 1dB/ REF -10dB CH1 S22 IogMAG  3dB/ REF-10cB 
| | | | | | | | tol se 
“SS oS 25°C 
aN Se fo AT i 
N -40°C 
25°C 
85°C 








START 800.000 000 MHz STOP 1 200. 000 000 MHz START 800.000 000 MHz STOP 1 200. 000 000 MHz 
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Mixer Gain @ 83MHz vs. Vcc and Temperature Mixer IP3 @ 83MHz vs. Vee and Temperature 
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LO to Mixer in Feedthrough vs. Vcc 
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LO Feedthrough to IF vs. Vcc Mixer RF Feedthrough vs. Vcc | 
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DESCRIPTION PIN CONFIGURATION 
F, D and N Packages 








The NE/SA602A is a low-power VHF monolithic double-balanced 
mixer with input amplifier, on-board oscillator, and voltage regulator. 
It is intended for high performance, low power communication 
systems. The guaranteed parameters of the SA602A make this 
device particularly well suited for cellular radio applications. The 
mixer is a “Gilbert cell” multiplier configuration which typically 
provides 18dB of gain at 45MHz. The oscillator will operate to 
200MHz. It can be configured as a crystal oscillator, a tuned tank Suz a 
oscillator, or a buffer for an external LO. For higher frequencies the - 

LO input may be externally driven. The noise figure at 45MHz is 
typically less than 5dB. The gain, intercept performance, low-power 
and noise characteristics make the NE/SA602A a superior choice 
for high-performanee battery operated equipment. It is available in APPLICATIONS 
an 8-lead dual in-line plastic package and an 8-lead SO 
(surface-mount miniature package). 


FEATURES 


® Low current consumption: 2.4mA typical 











® Cellular radio mixer/oscillator 
® Portable radio 

@ VHF transceivers 

® RF data links 


® Excellent noise figure: <4.7dB typical at 45MHz 


© High operating frequency ® HF/VHF frequency conversion 


® Instrumentation frequency conversion 


® Broadband LANs 


® Excellent gain, intercept and sensitivity 
® Low external parts count; suitable for crystal/ceramic filters 


® SA602A meets cellular radio specifications 


ORDERING INFORMATION 


[SSSS~SCS*C*éESGRIPTION ——===SSS*S*~*«dztC*EMPERATUREANGE | ORDERCODE | DWG# 
010 +70°C 04048 
8-Pin Plastic Small Outline (SO) package (Surface-mount) 0174C 
8-Pin Ceramic Dual In-Line Package (Cerdip) 0580A 
8-Pin Plastic Dual In-Line Plastic (DIP) 0404B 


8-Pin Plastic Small Outline (SO) package (Surface-mount) -40 to +85°C SA602AD 0174C 
8-Pin Ceramic Dual In-Line Package (Cerdip) -40 to +85°C SA602AFE 0580A 




























ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNITS 
ee a 
Storage temperature range | 7 — -65 to +150 a aes 
Operating ambient temperature range NE602A 0 to +70 

J 













SA602A -40 to +85 


BJA Thermal impedance D package 90 . 
N package 75 





V 
°C 
°C/W 
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BLOCK DIAGRAM 














VOLTAGE 
REGULATOR 





BDO1801S 





AC/DC ELECTRICAL CHARACTERISTICS 
Voc = +6V, Ta = 25°C; unless otherwise stated. 


SYMBOL PARAMETER 


Power supply voltage range 


ee! 


[Veo 
[BC ourentarain SSCS 
eames 


CC 
fin 
Cin 


Input signal frequency 
Oscillator frequency 
Noise figure at 45MHz 


|_| Noise fi 

|_| ircernerceptnont | ENT AB oi 
| earrerson panera 
Ra [RFinputreisenos | 
[Gn | RF input capanianes 
| | Mixer output resistance 





DESCRIPTION OF OPERATION and oscillator ports can support a variety of configurations provided 
The NE/SA602A is a Gilbert cell, an oscillator/buffer, and a the designer understands certain constraints, which will be 
temperature compensated bias network as shown in the equivalent explained here. 
circuit. The Gilbert cell Is a differential amplifier (Pins 1 and 2) which The RF inputs (Pins 1 and 2) are biased internally. They are 
drives a balanced switching cell. The differential input stage symmetrical. The equivalent AC input impedance is approximately 
provides gain and determines the noise figure and signal handling 1.5k Il 3pF through 50MHz. Pins 1 and 2 can be used 
performance of the system. interchangeably, but they should not be DC biased externally. 
The NE/SA602A is designed for optimum low power performance. Figure 3 shows three typical input configurations. 
When used with the SA604 as a 45MHz cellular radio second IF and The mixer outputs (Pins 4 and 5) are also internally biased. Each 
demodulator, the SA602A is capable of receiving -119dBm signals output is connected to the internal positive supply by a 1.5kQ 
with a 12dB S/N ratio. Third-order intercept is typically -13dBm (that resistor. This permits direct output termination yet allows for 
is approximately +5dBm output intercept because of the RF gain). balanced output as well. Figure 4 shows three single ended output 
The system designer must be cognizant of this large signal configurations and a balanced output. 
limitation. When designing LANs or other closed systems where 
transmission levels are high, and small-signal or signal-to-noise The oscillator is capable of sustaining oscillation beyond 200MHz in 
issues are not critical, the input to the NE602A should be crystal or tuned tank configurations. The upper limit of operation is 
appropriately scaled. determined by tank “Q” and required drive levels. The higher the 

: ; “Q” of the tank or the smaller the required drive, the higher the 
Besides excellent low power performance well into VHF, the permissible oscillation frequency. If the required LO is beyond 


NE/SA602A is designed to be flexible. The input, RF mixer output 


April 17, 1990 63 


Philips Semiconductors RF Communications Products 


Double-balanced mixer and oscillator 


oscillation limits, or the system calls for an external LO, the external 
signal can be injected at Pin 6 through a DC blocking capacitor. 
External LO should be at least 200mVp.p. 


Figure 5 shows several proven oscillator circuits. Figure 5a is 
appropriate for cellular radio. As shown, an overtone mode of 
operation is utilized. Capacitor C3 and inductor L1 suppress 
oscillation at the crystal fundamental frequency. In the fundamental 
mode, the suppression network is omitted. 


Figure 6 shows a Colpitts varactor tuned tank oscillator suitable for 
synthesizer-controlled applications. It is important to buffer the 
output of this circuit to assure that switching spikes from the first 
counter or prescaler do not end up in the oscillator spectrum. The 


0.5 to 1.3uH 
—> 


SS 


= InF 


Product specification 


NE/SA602A 


dual-gate MOSFET provides optimum isolation with low current. 
The FET offers good isolation, simplicity, and low current, while the 
bipolar transistors provide the simple solution for non-critical 
applications. The resistive divider in the emitter-follower circuit 
should be chosen to provide the minimum input signal which will 
assure correct system operation. 


When operated above 100MWz, the oscillator may not start if the Q 
of the tank is too low. A 22kQ resistor from Pin 7 to ground will 
increase the DC bias current of the oscillator transistor. This 
improves the AC operating characteristic of the transistor and 
should help the oscillator to start. A 22kQ resistor will not upset the 
other DC biasing internal to the device, but smaller resistance 
values should be avoided. 


f~ I 


F = 


34.545MHz THIRD OVERTONE CRYSTAL 
10pF 


[one [8 ee a 


{ 0.209 to 0.283:H 


100nF 








Figure 1. Test Configuration 
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TC02030S 





Figure 2. Equivalent Circuit 





INPUT 


- o— 


TC02041S TCO2051S TC02061S 


IEF 
T 


a. Single-Ended Tuned Input b. Balanced Input (For Attenuation c. Single-Ended Untuned Input 
of Second-Order Products) . 





Figure 3. Input Configuration 
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4 





| TC02011S TC020715 


a. Single-Ended Ceramic Filter b. Single-Ended Crystal Filter 

















TC02081S TC020918 
c. Single-Ended IFT d.. Balanced Output 


Figure 4. Output Configuration 


























TC02101S 10021118 TC02121S 


a. Colpitts Crystal Oscillator b. Colpitts L/C Tank Oscillator c. Hartley L/C Tank Oscillator 
(Overtone Mode) 


Figure 5. Oscillator Circuits 





April 17, 1990 66 


Philips Semiconductors RF Communications Products Product specification 


Double-balanced mixer and oscillator | NE/SA602A 





April 17, 1990 





TO 
BUFFER 


- DC CONTROL VOLTAGE 
FROM SYNTHESIZER 
1000pF 
MV2105 
An OR EQUIVALENT 


TC02130S 


0.01,F 


ih 


3SK126 


+——o 


TO SYNTHESIZER 


TO SYNTHESIZER 


TC02140S TC02150S TC02160S 


Figure 6. Colpitts Oscillator Suitable for Synthesizer Applications and Typical Buffers 
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SFG455A3 
OR EQUIVALENT 





= 
0.209 to 0.283.:H 


+ 100nF 


—_ 
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Figure 7. Typical Application for Cellular Radio 
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Figure 8. Icc vs Supply Voltage Figure 9. Conversion Gain vs Supply Voltage 
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Figure 10. Third-Order Intercept Point Figure 11. Noise Figure 
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RF = 45MHz, IF = 455kHz, RF2 = 45.06MHz 
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Figure 12. Third-Order Intercept and Compression 
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Figure 13. Input Third-Order Intermod Point vs Vcc 
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DESCRIPTION 

The NE/SA612A is a low-power VHF monolithic double-balanced 
mixer with on-board oscillator and voltage regulator. It is intended for 
low cost, low power communication systems with signal frequencies 
to 500MHz and local oscillator frequencies as high as 200MHz. The 
mixer is a “Gilbert cell” multiplier configuration which provides gain 
of 14dB or more at 45MHz. 


The oscillator can be configured for a crystal, a tuned tank 
operation, or as a buffer for an external L.O. Noise figure at 45MHz 
is typically below 6dB and makes the device well suited for high 
performance cordless phone/cellular radio. The low power 
consumption makes the NE/SA612A excellent for battery operated 
equipment. Networking and other communications products can 
benefit from very lew radiated energy levels within systems. The 
NE/SA612< is available in an 8-lead dual in-line plastic package and 
an 8-lead SO (surface mounted miniature package). 


FEATURES 


@ Low current consumption 

@ Low cost 

@ Operation to 500MHz 

@ Low radiated energy 

@ Low external parts count; suitable for crystal/ceramic filter 


®@ Excellent sensitivity, gain, and noise figure 


ORDERING INFORMATION 





8-Pin Plastic Small Outline (SO) package (Surface-Mount) 
8-Pin Plastic Dual In-Line Plastic (DIP) 
8-Pin Plastic Small Outline (SO) package ( 







Surface-Mount 


) 











BLOCK DIAGRAM 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
8-Pin Plastic Dual In-Line Plastic (DIP) 0 to +70°C NE612AN 


Oto+70°C NE612AD 0174C 














PIN CONFIGURATION 
D, N Packages 
INPUT A | 1| 8] Vee 
INPUT B[2! OSCILLATOR 
GND [ 3| [6] OSCILLATOR 
OUTPUT A [4] [5] OUTPUT B 





APPLICATIONS 


® Cordless telephone 

® Portable radio 

®@ VHF transceivers 

® RF data links 

® Sonabuoys 

® Communications receivers 

® Broadband LANs 

@ HF and VHF frequency conversion 


® Cellular radio mixer/oscillator 





| 0404B 


-40 to +85°C SAG612AN 0404B 
-40 to +85°C SA612AD 0174C 








OSCIL 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
Storage temperature -65 to +150 


Operating ambient temperature range 
NE 0 to +70 
SA -40 to +85 







AC/DC ELECTRICAL CHARACTERISTICS 
Ta=25°C, Voc = BV, Figure 1 


| LIMITS 
SYMBOL ~ PARAMETER TEST CONDITION 


| Min | Typ | Max_| 
45 | | 80 
| 24 | 30 
_ | 500 | 
a Ee 
a oe 
rE a 
ae 
ae 






Voc Power supply voltage range 
DC current drain 


Conversion gain at 45MHz ee ee 
in ___[RFinputresistance SS SCSC~iSC‘;*;™S™SSC~*dC CY 
[ew _[RFinputcapactance SSC] SSC‘ SSC«idL dd 
[| Mixeroutputresisance | Pin gors) | tt TK 


Input signal frequency ee 


ras 
= 






DESCRIPTION OF OPERATION radio 2nd IF and demodulator, the NE/SA612A is capable of 
The NE/SA612A is a Gilbert cell, an oscillator/buffer, and a receiving -119dBm signals with a 12dB S/N ratio. Third-order 
temperature compensated bias network as shown in the equivalent intercept is typically -15dBm (that's approximately +5dBm output 
circuit. The Gilbert cell is a differential amplifier (Pins 1 and 2) which intercept because of the RF gain). The system designer must be 
drives a balanced switching cell. The differential input stage cognizant of this large signal limitation. When designing LANs or 
provides gain and determines the noise figure and signal handling other closed systems where transmission levels are high, and 
performance of the system. small-signal or signal-to-noise issues not critical, the input to the 


; : ; NE/SA612A should be appropriately scaled. 
The NE/SA612A is designed for optimum low power performance. 


When used with the NE614A as a 45MHz cordless phone/cellular 
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TEST CONFIGURATION 










0.209 to 
0.283H 


220pF 








Figure 1. Test Configuration 





GND 


Figure 2. Equivalent Circuit 
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Besides excellent low power performance well into VHF, the 
NE/SA612A is designed to be flexible. The input, output, and 
oscillator ports can support a variety of configurations provided the 
designer understands certain constraints, which will be explained 
here. 


The RF inputs (Pins 1 and 2) are biased internally. They are 
symmetrical. The equivalent AC input impedance is approximately 
1.5k | 3pF through 50MHz. Pins 1 and 2 can be used 
interchangeably, but they should not be DC biased externally. Figure 
3 shows three typical input configurations. 


The mixer outputs (Pins 4 and 5) are also internally biased. Each 
output is connected to the internal positive supply by a 1.5kQ 
resistor. This permits direct output termination yet allows for 
balanced output as-well. Figure 4 shows three single-ended output 
configurations and a balanced output. 


The oscillator is capable of sustaining oscillation beyond 200MHz in 
crystal or tuned tank configurations. The upper limit of operation is 
determined by tank “Q” and required drive levels. The higher the Q 
of the tank or the smaller the required drive, the higher the 


a. Single-Ended Tuned Input 


b. Balanced Input (For Attenuation 


Product specification 


NE/SA612A 


permissible oscillation frequency. If the required L.O. is beyond 
oscillation limits, or the system calls for an external L.O., the 
external signal can be injected at Pin 6 through a DC blocking 
capacitor. External L.O. should be 200mVp.p minimum to 300mVp-.p 
maximum. 


Figure 5 shows several proven oscillator circuits. Figure 5a is 
appropriate for cordless phones/cellular radio. In this circuit a third 
overtone parallel-mode crystal with approximately 5pF load 
capacitance should be specified. Capacitor C3 and inductor L1 act 
as a fundamental trap. In fundamental mode oscillation the trap is 
omitted. 


Figure 6 shows a Colpitts varacter tuned tank oscillator suitable for 
synthesizer-controlled applications. It is important to buffer the 
output of this circuit to assure that switching spikes from the first 
counter or prescaler do not end up in the oscillator spectrum. The 
dual-gate MOSFET provides optimum isolation with low current. 
The FET offers good isolation, simplicity, and low current, while the 
bipolar circuits provide the simple solution for non-critical 
applications. The resistive divider in the emitter-follower circuit 
should be chosen to provide the minimum input signal which will 
assume correct system operation. 





i 


c. Single-Ended Untuned Input 


of Second-Order Products) 
Figure 3. Input Configuration 
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CFU455 
or Equivalent 






Filter K&L 38780 or Equivalent — 
*CT matches 3.5kQ to next stage 








O @) 
a. Single-Endéd Ceramic Filter b. Single-Ended Crystal Filter 
[5 | | 5 _| : 
| 4 | | 4 | 
TC02081S TC02091S 
c. Single-Ended IFT d.. Balanced Output 


Figure 4. Output Configuration 





TCG02101S 7TCO02111S TC02121S8 


a. Colpitts Crystal Oscillator b. Colpitts L/C Tank Oscillator c. Hartley L/C Tank Oscillator 
(Overtone Mode) 


Figure 5. Oscillator Circuits 
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TO 
BUFFER 








ebe at 10pF 


peal 
DC CONTROL VOLTAGE 
FROM SYNTHESIZER 
oo 





0.06,H 
OR TQUIVALENT 





TC02130S 
0.01F 
i aa 
100k ~  9sk126 | 7 
ee 2N918 
wae TO SYNTHESIZER 
(—_——o 

100k 0.01),F TO SYNTHESIZER 
~ - ~ TC02140S TC02150S ~ TC02160S 





Figure 6. Colpitts Oscillator Suitable for Synthesizer Applications and Typical Buffers 
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TEST CONFIGURATION 


0.5 to 1.3, | | = 







SFG455A3 45SKHZ 


OR EQUIVALENT 


—_—> 


INPUT 0.209 to 0.283,.H 


45MHz IN 220pF 


100nF 





Figure 7. Typical Application for Cordless/Cellular Radio 
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SUPPLY CURRENT 9mA) 








INPUT INTERCEPT POINT (dBm) 











o 8.5V 
4 6.0V 
Oo 4.5V 
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Figure 8. Icc vs Supply Voltage 
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Figure 10. Third-Order Intercept Point 


RFq = 45MHz, IF = 455kHz, RFo = 45.06MHz 
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Figure 12. Third-Order Intercept and Compression 
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Figure 9. Conversion Gain vs Supply Voltage 
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INTRODUCTION 

Several new integrated circuits now permit RF designers to 
resurrect old techniques of single-sideband generation and 
detection. The high cost of multi-pole crystal filters limits the use of 
the SSB mode to the most demanding applications, yet the 
advantages of SSB over full-carrier AM and FM are well 
documented (Ref 1 &2). The use of multi-pole filters can now be 
circumvented by reviving some older techniques without sacrificing 
performance. This has been made possible by the availability of 
some new RF and digital integrated circuits. 


es 


DESCRIPTION 

Figure 1 shows the frequency spectrum of a 10MHz full-carrier 
double-sideband AM signal using a 1kKHz modulating tone. This 
well-known type of signal is used by standard AM broadcast radio 
stations. Full-carrier AM’s advantage is that envelope detection can 
be used in the receiver. Envelope detection is a simple and 
economical technique because it simplifies receiver circuitry. Figure 
2 shows the time domain “envelope” of the same AM signal. 


The 1kHz tone example of Figures 1 and 2 serves as a simple 
illustration of an AM signal. Typically, the sidebands contain complex 
waveforms for voice or data communications. In the full-carrier 
double sideband mode (AM), all the modulation information is 
contained in both sidebands, while the carrier “rides along” without 
contributing to the transfer of intelligence. Only one sideband without 
the carrier is needed to effectively transmit the modulation 
information. This mode is called “single-sideband suppressed 
carrier”. Because of its reduced bandwidth, it has the advantages of 
improved spectrum utilization, better signal-to-noise ratios at low 
signal levels, and improved transmitter efficiency when compared 
with either FM or full-carrier AM. A finite frequency allocation using 
SSB can support three times the number of channels when 
compared with comparable FM or AM full-carrier systems. 
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Figure 1. Frequency Domain Display of a 10MHz Carrier 
AM Modulated by a 1kHz Tone (Spectrum Analyzer Display) 
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Figure 2. Time Domain Display of the Same Signal Shown 
in Figure 1. (Oscilloscope Display) 





There are three basic methods of single-sideband generation. All 
three use a balanced modulator to produce a double-sideband 
suppressed carrier signal. The undesired sideband is then removed 
by phase and amplitude nulling (the phasing method), high Q 
multi-pole filters (the filter method), or a “third” method which is 4 
derivation of the phasing technique called nere the “Weaver” method 
for the apparent inventor. The reciprocal of the generator functions is 
employed to produce sideband detectors. Generators start with 
audio and produce the SSB signal; detectors receive the SSB signal 
and reproduce the audio. Since the sideband signal is typically 
produced at radio frequencies, it can be amplified and applied to an 
antenna or used as a subcarrier. 


Reproduction of the audio signal in a full-carrier AM receiver is 
simplified because the carrier is present. The signal envelope, which 
contains the carrier and the sidebands, is applied to a non-linear 
device (typically a diode). The effect of envelope detection is to 
multiply the sideband signal by the carrier; this results in the 
recovery of the audio waveform. The mathematical basis for this 
process can be understood by studying trigonometric identities. 


Since the carrier is not present in the received SSB signal, the 
receiver must provide it for proper audio detection. This signal from 
the local oscillator (LO) is applied to a mixer (multiplier) together with 
the SSB signal and detection occurs. This technique is called 
product detection and is necessary in all SSB methods. A major 
problem in SSB receivers is the ability to maintain accurate LO 
frequencies to prevent spectral shifting of the audio signal. Errors in 
this frequency will result in a “Donald Duck” sound which can render 
the signal unintelligible for large frequency errors. 


Theory of Single-Sideband Detection 

Figures 3 through 8 illustrate the three methods of SSB generation 
and detection. Since they are reciprocal operations, the circuitry for 
generation and detection is similar with all three methods. 
Duplication of critical circuitry is easy to accomplish in transceiver 
applications by using appropriate switching circuits. 
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Figure 3. Filter Method SSB Generator 
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Figure 4. Filter Method SSB Detector 
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Figure 6. Phasing Method Detector with Simplified Mathematical Model 


Figures 3 and 4 show the generation and detection techniques Switching the mixer output that is differentiated will change the 
employed in the filter method. In the generator a double sideband selected sideband, upper (USB) or lower (LSB). In most cases the 
signal is produced while the carrier is eliminated with the balanced mixer outputs will be the audio passband (300 to 3000Hz). 
modulator. Then the undesired sideband is removed with a high Q Differentiating the passband involves a 90 degree phase shift over 
crystal bandpass filter. A transmit mixer is usually employed to more than three octaves. This is the most difficult aspect of using 
convert the SSB signal to the desired output frequency. The the phasing method for voice band SSB. 


detection scheme is the reciprocal. A receive mixer is used to 
convert the selected input frequency to the IF frequency, where the 
filter removes the undesired SSB response. Then the signal is 
demodulated in the product detector. A major drawback to the filter 
method is the fact that the filter is fixed-tuned to one frequency. This 
necessitates the receive and transmit mixers for multi-frequency 


For voice systems, difficulty of maintaining accurate broadband 
phase shift is eliminated by the technique used in Figures 7 and 8. 
The “Weaver” method is similar to the phasing method because both 
require two quadrature steps in the signal chain. The difference 
between the two methods is that the Weaver method uses a low 
frequency (1.8kHz) subcarrier in quadrature rather than the 


Operauebl: broad-band 90 degree audio phase shift. The desired sideband is 
Figures 5 and 6 show block diagrams of a generator and thus “folded over” the 1.8kHz subcarrier and its energy appears 
demodulator which use the phase method. Figure 6 also includes a between 0 and 1.5kHz. The undesired sideband appears 600Hz 
mathematical model. The input signal (Cos(Xt)) is fed in-phase to farther away between 2.1 and 4.8kHz. Consequently, sideband 

two RF mixers where “X” is the frequency of the input signal. The rejection is determined by a low-pass filter rather than by phase and 
other inputs to the mixers are fed from a local oscillator (LO) in amplitude balance. A very steep low-pass response in the Weaver 
quadrature (Cos(Yt) and Sin(Yt)), where “Y” is the frequency of the method is easier to achieve than the very accurate phase and 

LO signal. By differentiating the output of one of the mixers and then amplitude balance needed in the phasing ; 


summing with the other, a single sideband response is obtained. 
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Figure 8. Weaver Method Detector 
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Figure 10. PLL Quadrature Synthesis 
method. Therefore, better sideband rejection is possible with the Quadrature Dua! Mixer Circuits 


Weaver method than with the phasing method. One of the two critical stages in the phasing method and both critical 
stages in the Weaver method require quadrature dual mixer circuits. 
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Figures 9 and 10 show two methods of obtaining quadrature LO 
signals for dual mixer applications. Other methods exist for 
producing quadrature LO signals, particularly use of passive LC 
circuits. LC circuits will not maintain a quadrature phase relationship 
when the operating frequency is changed. The two illustrated 
circuits are inherently broad-banded; therefore, they are far more 
flexible and do not require adjustment. These circuits are very useful 
for SSB circuits, but also can be applied to FSK, PSK, and QPSK 
digital communications systems. 


The NE602 is a low power, sensitive, active, douible-balanced mixer 
which shows excellent phase characteristics up to 20OMHz. This. 
makes it an ideal candidate for this and many other applications. 


The circuit in Figure 9 uses a divide-by-four dual flip-flop that 
generates all four qdadratures. Most of the popular dual flip-flops 
can be used in different situations. The HEF4013 CMOS device 
uses very little power and can maintain excellent phase integrity at 
clock rates up to several megahertz. Consequently, the HEF4013 
can be used with the ubiquitous 455kHz intermediate frequency with 
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Figure 12. Interface Circuitry Between 74F74 and the NE602s 


but SSB is less sensitive to phase noise problems in the LO. 


Figure 11 shows a circuit that is effective for driving the 74F74, or 
other TTL gates, with a signal generator or analog LO. The NE5205 
provides about 20dB gain with 50Q input and output impedances 
from DC to 450MHz. Minimum external components are required. 
The 1kQ resistor is about optimum for “pulling” the input voltage 
down near the logic threshold. A 50Q output level of OdBm can be 
used to drive the NE5205 and 74F74 to 100MHz. Two NE5205s can 
be cascaded for even more sensitivity while maintaining extremely 
wide bandwidth. An advantage of using digital sources for the LO is 
that low-frequency power supply ripple will not cause hum in the 
receiver front end. This is a common problem in direct conversion 
designs. 


Figure 12 shows the interface circuitry between the 74F74 and the 
NE602 LO ports. The total resistance reflects conservative current 
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excellent power economy. For higher clock rates (up to 120MHz for 
up to 830MHz operation), the fast TTL 74F74 is a good choice. It has 
been tested to 30MHz operating frequencies with good results (>30 
dB SSB rejection). At lower frequencies (5MHz) sideband rejection 
increases to nearly 40GB with the circuits shown. The ultimate low 
frequency rejection is mainly a function of the audio phase shifter. 
Better performance is possible by employing higher tolerance 
resistors and capacitors. 


The circuit in Figure 10 shows another technique for producing a 
broadband quadrature phase shift for the LO. The advantage of this 
circuit over the flip-flops is that the clock frequency is identical to the 
operating frequency; however, phase accuracy is more difficult to 
achieve. A PLL will maintain a quadrature phase relationship when 
the loop is closed and the VCO voltage is zero. The DC amplifier will 
help the accuracy of the quadrature condition by presenting gain to 
the VCO control circuit. The other problem that can arise is that PLL 
circuits tend to be noisy. Sideband noise is troublesome in both SSB 
and FM systems, 7 








0-120 MHz —— NE5205 


Figure 11. FAST TTL Driver from Analog Signal Source Using NE5205 


0.1,F CK1 
| [ CK2 
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1K 





drain from the 74F74 outputs, while the tap on the voltage divider is 
optimized for proper NE602 operation. The low signal source 
impedance further helps maintain phase accuracy, and the isolation 
capacitor is miniature ceramic for DC isolation. 


Audio Amplifiers and Switching 

Using active mixers (NE602) in these types of circuits gives 
conversion gain, typically 18dB. More traditional applications use 
passive 

diode ring mixers which yield conversion loss, typically 7dB. 
Consequently, the detected audio level will be about 25dB higher 
when using the NE602. This fact can greatly reduce the first audio 
stage noise and gain requirements and virtually eliminate the 
“microphonic” effect common to direct conversion receivers. 
Traditional direct conversion receivers use passive audio LC filters 
at the mixer output and low noise, discrete JFETs or bipolars in the 
first stages. The very high audio sensitivity required by these 
amplifiers makes them respond to mechanical vibration — thus the 
“microphonics” result. The conversion gain allows use of a simple op 
amp stage (Figure 13) set up as an integrator to eliminate ultra-sonic 
and FF instability. The NE5534 is well known for its low noise, high 
dynamic range, and excellent audio characteristics (Reference 12) 
and makes an ideal audio amp for the 602 detector. 


The sideband select function is easily accomplished with an 
HEF4053 CMOS analog switch. This triple double-pole switch drives 
the phase network discussed in the next section and also chooses 
one of two amplitude balance potentiometers, one for each 
sideband. Figure 714 illustrates this circuit. A buffer op amp is used 
with the two sideband select sections to reduce THD, maintain 
amplitude integrity, and not change the filter network input 
resistance values. The gain distribution within both legs of the 
receiver was found to be very consistent (within 1dB), thus the 
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amplitude balance pots may be eliminated in less demanding 
applications. The NE602s have excellent gain as well as phase 


integrity. 


Audio Phase Shift Circuits 

The two critical stages for the phasing method are a dual quadrature 
mixer and a broadband audio phase shifter (differentiator). There 
are several broadband, phase shift techniques available. Figure 15 
shows an analog all-pass differential phase shift circuit. When the 
inputs are shorted and driven with a microphone circuit, the outputs 
will be 90 degrees out-of-phase over the 300 to 3000Hz band. This 
“splitting” and phase shift is necessary for the phasing generator. 
For phasing demodulation the two audio detectors are fed to the two 
inputs. The outputs are then summed to affect the sideband 
rejection and audid.output. 


Standard 1% values are shown for the resistors and capacitors, 
although better gain tolerances can be obtained with 0.1% 
laser-trimmed integrated resistors. Polystyrene capacitors are 
preferred for better value tolerance and audio performance. Two 
quad op amps fit nicely into this application. One op amp serves as 
a switch buffer and the other three form a phasing section. The 
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NE5514 quad op amps perform well for this application. Careful 
attention to active filter configurations can yield highly linear and 
very high dynamic range circuits. Yet these characteristics are much 
easier to achieve at audio than the common IF RF frequencies. This 
fact, coupled with the lack of IF. tuned circuits, shielding, and higher 
power requirements make audio IF systems attractive indeed. 


Figure 16 shows a “tapped” analog delay circuit which uses 
weighted values of resistors to affect the phase shift. Excellent 
phase and amplitude balance are possible with this technique, but 
the price for components is high. It should be stressed that the audio 
phase shift accuracy and amplitude balance are the limiting factors 
for SSB rejection when using the phase method; thus the higher 
cost may be justified in some applications. 


Audio Processing 

The summing amplifier is a conventional, inverting op amp circuit. It 
may be useful to configure a low-pass filter around this amplifier, 
and thus help the sharp audio filters which follow. Audio filters are 
necessary to shape the desired bandpass. Steep slope audio _ 
bandpass filters can be built from switched capacitor filters or from 
active filters 
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Figure 13. Phasing Method Detector for Direct Conversion Receiver 


requiring more op amps. Switched capacitor filters have the 
disadvantage of requiring a clock frequency in the RF range. 
Harmonics can cause interference problems if careful design 
techniques are not used. Also, better dynamic range is obtained with 
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active filter techniques using “real” resistors although much work is 
being done with SCF’s and performance is improving. 


Philips Semiconductors RF Communications Products 


New low-power single sideband circuits 


Direct conversion receivers rely heavily on audio filters for 
selectivity. Active analog or switched capacitor filters can produce — 
the high Q and dynamic ranges necessary. Signal strength or 
“S-meters” can be constructed from the NE602’s companion part, 
the NE604. The “RSSI” or “received signal strength indicator” 
function on the 604 provides a logarithmic response over a 90dB 
dynamic range and is easy to use at audio frequencies. Finally, the 
AGC (automatic gain control) function can also be performed in the 
audio section. Attack and delay times can be independently set with 
excellent distortion specifications with the NE572 compandor IC. 
The audio-derived AGC eliminates the need for gain controlling and 
RF stage, but relies on an excellent receiver front-end dynamic 
range. In ACSSB (Amplitude Compandored Single-Side Band) 
systems transmitter compression and receiver expansion are 
defined by individual system specifications. 


Phasing-Filter Technique 

High quality SSB radio specifications call for greater than 70dB 
sideband rejection. Using the circuits described in this paper for the 
phasing method, rejection levels of 35dB are obtainable with good 
reliability. Coupled with an inexpensive two-pole crystal or ceramic 
filter, the 70dB requirement is obtained. Also, the filtering anead of 
the NE602 greatly improves the intermodulation performance of the 
receiver. Figure 17 shows a complete SSB receiver using the 
Phasing-Filter technique. The sensitivity of the NE602 allows low 
gain stages and low power consumption for the RF amplifier and 
first mixer. A new generation of low power CMOS frequency 
synthesizers is now available from several manufacturers including 
the TDD1742 and dual chip HEF4750/51 solutions. 


Direct Conversion Receiver | 

The antenna can be connected directly to the input of the NE602 
(via a bandpass filter) to form a direct conversion SSB receiver 
using the phasing method. 35dB sideband rejection is adequate for 
many applications, particularly where low power and portable battery 
operation are required. Figure 13 shows a typical circuit for direct 
conversion applications. 


There are many other applications which can make use of SSB 
technology. Cordless telephones use FM almost exclusively. 
Eavesdropping could be greatly reduced for systems which employ 
SSB rather than FM. Furthermore, the better signal-to-noise ratio will 
extend the range, and battery life will be extended because no 
carrier is needed. 
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SSB is also used for subcarriers on microwave links and coaxial 
lines. Telephone communications networks that use SSB are called 
FDM or Frequency Domain Multiplex systems. The low power and 
high sensitivity of the NE602 can offer FDM designers new 
techniques for system configuration. 


Weaver Method Receiver Techniques 

The same quadrature dual mixer can be used for the first stage in 
both the phasing and Weaver method receiver. The subcarrier stage 
in the Weaver method receiver can use CMOS analog switches 
(HEF4066) for great power economy. Figure 18 shows a circuit for 


the subcarrier stage. A 1.8kHz subcarrier requires a 7.2kHz clock 


frequency. If switched capacitor filters are used for the low-pass and 
audio filters, a single clock generator can be used for all circuits with 
appropriate dividers. Furthermore, if the receiver is used as an IF 
circuit, the fixed LO signal could also be derived from the same 
clock. This has the added advantage that harmonics from the 
various circuits will not interfere with the received signal. 


Results | 

The circuit shown in Figures 13, 14, and 15 has a 10dB S/N 
sensitivity of 0.5u.V with a dynamic range of about 80dB. Single-tone 
audio harmonic distortion is below 0.05% with two-tone 
intermodulation products below 55aB at RF input levels only 5dB 
below the 1dB compression point. The sideband rejection is about 
38dB at a 9MHz operating frequency. The good audio specifications 
are a side benefit to direct conversion receivers. When used with 
inexpensive ceramic or crystal filters, this circuit can provide these 
specifications with >70dB sideband rejection. 


Conclusions 

Single sideband offers many advantages over FM and full-carrier 
double-sideband modulation. These advantages include: more 
efficient spectrum use, better signal-to-noise ratios at low signal 
levels, and better transmitter efficiency. Many of the disadvantages 
can now be overcome by using old techniques and new 
state-of-the-art integrated circuits. Effective and inexpensive circuits 
can use direct conversion techniques with good results. 35dB 
sideband rejection with less than 1pV sensitivity is obtained with the 
NE602 circuits. 70dB sideband rejection and superior sensitivity are 
obtained by using phasing-filter techniques. Either the phasing or 
Weaver methods can be used in either the direct conversion or IF 
section applications. The filter and phase-filter methods can be used 
in only the IF application. 
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Figure 16. Broadband 90° Audio Phase Shift Technique Using Tapped Delay Line (Reference 4) 
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Receivers built using this technique can exhibit excellent characteristics without resorting to expensive multi-pole 
filters or an IF amplifier chain. 





Figure 17. Complete Phasing-Filter Receiver 
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INTRODUCTION 

For the designer of low power RF systems, the Philips 
Semiconductors NE602 mixer/oscillator provides mixer operation 
beyond 500MHz, a versatile oscillator capable of operation to 
200MHz, and conversion gain, with only 2.5mA total current 
consumption. With a proper understanding of the oscillator design 
considerations, the NE602 can be put to work quickly in many 
applications. 


DESCRIPTION 

Figure 1 shows the-equivalent circuit of the device. The chip is 
actually three subsystems: A Gilbert cell mixer (which provides 
differential input gain), a buffered emitter follower oscillator, and RF 
current and voltage regulation. Complete integration of the DC bias 
permits simple and compact application. The simplicity of the 
oscillator permits many configurations. 


Figure 1 
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While the oscillator is simple, oscillator design isn’t. This article will 
not address the rigors of oscillator design, but some practical 
guidelines will permit the designer to accomplish good performance 
with minimum difficulty. 


Either crystal or LC tank circuitry can be employed effectively. 
Figure 2 shows the four most commonly used configurations in their 
most basic form. 


In each case the Q of the tank will affect the upper frequency limits 
of oscillation: the higher the Q the higher the frequency. The NE602 
is fabricated with a 6GHz process, but the emitter resistor from Pin 7 
to ground is nominally 20k. With 0.25mA typical bias current, 
200MH2 oscillation can be achieved with high Q and appropriate 
feedback. 


The feedback, of course, depends on the Q of the tank. It is 
generally accepted that a minimum amount of feedback should be 
used, so even if the choice is entirely empirical, a good trade-off 
between starting characteristics, distortion, and frequency stabillty 
can be quickly determined. 
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d. Hartley 
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Figure 2 


Crystal Circuit Considerations 

Crystal oscillators are relatively easy to implement since crystals 
exhibit higher Q’s than LC tanks. Figure 3 shows a complete 
implementation of the SA602 (extended temperature version) for 
cellular radio with a 45MHz first IF and 455kHz second IF. 


The crystal is a third overtone parallel mode with 5pF of shunt 
capacitance and a trap to suppress the fundamental. 


LC Tank Circuits 

LC tanks present a little greater challenge for the designer. If the Q 
is too low, the oscillator won’t start. A trick which will help if all else 
fails is to shunt Pin 7 to ground with a 22k resistor. In actual 
applications this has been effective to 200MHz with high Q ceramic 
capacitors and a tank inductor of 0.08mH and a Q of 90. Smaller 
resistor value will upset DC bias because of inadequate base bias at 
the input of the oscillator. An external bias resistor could be added 
from VCC to Pin 6, but this will introduce power supply noise to the 
frequency spectrum. 


The Hartley configuration (Figure 2D) offers simplicity. With a 
variable capacitor tuning the tank, the Hartley will tune a very large 
range since all of the capacitance is variable. Please note that the 
inductor must be coupled to Pin 7 with a low impedance capacitor. 
The Colpitts oscillator will exhibit a smaller tuning range since the 
fixed feedback capacitors limit variable capacitance range; however, 
the Colpitts has good frequency stability with proper components. 


Synthesized Frequency Control 

The NE602 can be very effective with a synthesizer if proper 
precautions are taken to minimize loading of the tank and the 
introduction of digital switching transients into the spectrum. Figure 4 
shows a circuit suitable for aircraft navigation frequencies 
(108-—118MHz) with 10.7MHz IF. 


The dual gate MOSFET provides a high degree of isolation from 
prescaler switching spikes. As shown in Figure 4, the total current 
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consumption of the NE602 and 3SK126 is typically 3mA. The 
MOSFET input is from the emitter of the oscillator transistor to avoid 
loading the tank. The Gate 1 capacitance of the MOSFET in series 
with the 2pF coupling capacitor adds slightly to the feedback 
capacitance ratio. Use of the 22k resistor at Pin 7 helps assure 
oscillation without upsetting DC bias. 


For applications where optimum buffering of the tank, or minimum 
current are not mandatory, or where circuit complexity must be 
minimized, the buffers shown in Figure 5 can be considered. 


The effectiveness of the MRF931 (or other VHF bipolar transistors) 
will depend on frequency and required input level to the prescaler. A 
bipolar transistor will generally provide the least isolation. At low 
frequencies the transistor can be used as an emitter follower, but by 
VHF the base emitter junction will start to become a bidirectional 
capacitor and the buffer is lost. 


The 2N5484 has an IDSS of 5mA max. and the 2SK126 has IDSS 
of 6mA max. making them suitable for low parts count, modest 
current buffers. The isolation is good. 


Injected LO 
If the application calls for a separate local oscillator, it is acceptable 
to capacitively-couple 200 to 300mvV at Pin 6. 


Summary 

The NE602 can be an effective low power mixer at frequencies to 
500MHz with oscillator operation to 200MHz. All DC bias is provided 
internal to the device so very compact designs are possible. The 
internal bias sets the oscillator DC current at a relatively low level so 
the designer must choose frequency selective components which 
will not load the transistor. If the guidelines mentioned are followed, 
excellent results will be achieved. 
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Figure 3. Cellular Radio Application 
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NOTES: 
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Low voltage LNA, mixer and VCO — 1GHz 


SA620 


DESCRIPTION 

The SA620 is a combined RF amplifier, VCO with tracking bandpass 
filter and mixer designed for high-performance low-power 
communication systems from 800-1200MHz. The low-noise 
preamplifier has a 1.6dB noise figure at 90OMHz with 11.5dB gain 
and an IP3 intercept of -3dBm at the input. The gain is stabilized by 
on-chip compensation to vary less than +0.2dB over -40 to +85°C 
temperature range. The wide-dynamic-range mixer has an 9dB 
noise figure and IP3 of -6dBm at the input at 90OMHz. An external 
LO can be used in place of the internal VCO for.improved mixer 
input IP3 and a 3mA reduction in current. The chip incorporates a 
through-mode option so the RF amplifier can be disabled and 
replaced by an attenuator (S21 = —7.5dB). This is useful for 
improving the overall dynamic range of the receiver when in an 
overload situation. “Lhe nominal current drawn from a single 3V 
supply is 10.4mA and 7.2mA in the thru-mode. Additionally, the 
VCO and Mixer can be powered down to further reduce the supply 
current to 1.2mA. 


FEATURES 


® Low current consumption: 10.4mA nominal, 7.2mA with thru-mode 
activated 


® Outstanding noise figure: 1.6dB for the amplifier and 9dB for the 
mixer at 9OOMHz 


® Excellent gain stability versus temperature and supply voltage 
® Switchable overload capability 

® Independent LNA, mixer and VCO power down capability 

® Internal VCO automatic leveling loop 


® Monotonic VCO frequency vs control voltage 


ORDERING INFORMATION 
DESCRIPTION 





20-Pin Plastic Shrink Small Outline Package (Surface-mount, SSOP 


BLOCK DIAGRAM 






MIXER 













AUTOMATIC 
LEVELING 
LOOP 













LNA LNA 
ENABLE GND GND GND 
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) -40 to +85°C SA620DK 1563 






MIXER 


BANDPASS 
FILTER 


osc 
GND PWRDN PWRDN 


PIN CONFIGURATION 


DK Package 


LNA ENABLE 


LNA GND 
LNA IN 
LNA GND i7| LNA BIAS 


LNA GND 





15 MIXER GND 
n4| MIXER BYPASS 


13) MIXER OUT 


APPLICATIONS 
® 900MHzZ cellular front-end 


® 900MHz cordless front-end 
® Spread spectrum receivers 
© RF data links 

@ UHF frequency conversion | 


® Portable radio 


TEMPERATURE RANGE | ORDERCODE | DWG# | 

















osc vco 
GND 
O 


MIXER 
OUT 
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MIXER 
BYES? 











TRACKING 












© © 
MIXER osc Osc 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL | RATING 
Supply voltage’ j oe -0.3 to +6 
Voltage applied to any other pin | -0.3 to (Voc + 0.3 


3) 
Power dissipation, Ta = 25°C (still air)2 | | 
20-Pin Plastic SSOP 980 ; 
20, 









PARAMETER 


Masiminpower need a ae 
Storage temperature range | | | 65 to +150 


NOTE: 

1. Transients exceeding 8V on Vcc pin may damage product. 

2. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 
Oya: 20-Pin SSOP = 110°C/W 












RECOMMENDED OPERATING CONDITIONS 


| SYMBOL PARAMETER | a RATING 
Voc 
Ta | 
Ty [ 








| TA Operating ambient temperature range -40 to +85 ee 
a Operating junction temperature . ~ -40 to +105 | 





DC ELECTRICAL CHARACTERISTICS 


Veco = +8V, Ta = 25°C; unless otherwise stated. 


| | LIMITS | 
Scuser SiRANEIER aE STCONDITIONS oune 


a 
[_eikenabinparmon 10 
[Waeraterneatow = [| 72 [| 








[Fate powersown [| 2 [| a 
. V 








loc 
We [EratotogetrenaavotagOME 
[Vie [ease Tet apo 2 
[ic [Evatt caret rt =e 
in [Evabiemestcurent mee 
V 

- 
aa 


LNA output bias voltage Enable = 2.4V 


LNA bias voltage Enable = 2.4V 


NOTE: | ) 
1. The ENABLE input must be connected to a valid logic level for proper operation of the SA620 LNA. 
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AC ELECTRICAL CHARACTERISTICS 
Voc = +3V, Ta = 25°C; Enable = +3V; unless otherwise stated. 





Enable = 0.4V, 900MHz a es ee ee 
900MHz ae -0.014 | | BPC 
900MHz 
F Amplifier noise figure 900MHz 1.3 | 16 | 19 | GB | 
ton Amplifier turn-on time (Enable Lo — Hi) See Figure 1 Ff 80 Ts 
tore | Amplifier turn-off time (Enable Hi — Lo) See Figure 1 We 7 ae er et alo Se 


te Tape, ce fg = 0.9GHZ, fLo = 0.8GHz, 
Gc Mixer voltage conversion gain: Rp = Ry = 1kQ, | fie = 100MHz 14.5 17.5 a 
: P ee zt fe fs = 0.9GHZ, fio = 0.8GHz, 


Siim___ | Mixer input match’ 900MHz -10 | |B 

Fu 900MHz a a 10.5 | dB | 

fo-fy = 1MHz, 900MHz 7.5 ie eee 4.5 | dBm | 
fe 





SYMBOL PARAMETER TEST CONDITIONS 





Sat 
Sor 
ASo1/AT | Gain temperature sensitivity in pwr-dwn mode 


Amplifier gain 


Amplifier gain in through mode 


ASo1/AT | Gain temperature sensitivity enabléd 
ASo,/Af 


S42 Amplifier reverse isolation 







Gain frequency variation 


nm 
° 


” 


11 


Amplifier input match! 
Soo Amplifier output match! 
P.14qB Amplifier input 1dB gain compression 


Amplifier input third order intercept 


z 


Zz U 


Mixer SSB noise figure 
P.4gB Mixer input 1dB gain compression 


IP3Sm Mixer input third order intercept 
Mixer input second order intercept 
Mixer RF feedthrough 

Pio-i- | LO feedthrough to IF ~ 
Pio-pnem | LO to mixer input feedthrough 
LO to LNA input feedthrough 


VCO buffer out 


[Point 
PREM-IF 
900MHz 


900MHz -45 


300 1200 
Lim || imo [mre 


PLO-RF 


Pyco 


VCO frequency range 





VCO phase noise 


NOTE: 
1. Simple L/C elements are needed to achieve specified return loss. 
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LNA ENABLE 
C23 C22 
= 0.44uF/(VCC-1) R=9kx (Voc - 1) C19 535 mils LNA OUT 
C1 U1 — 
LNA IN todpe: et 56nH 
535 mils Veco 100pF 
ens C21 C20 w= 15 mils 2 a0r ye sale 
C2 0. 1pF || | L = 260 mils = = 
1.8pF : C17. MIXERIN 
= — w= 15 mils = 100pF {| 
L = 260 mils il 
™ LL) LNA ENABLE 528 Gig als ORF 
Eline 2) |NAGND LNA GND HY 5.6pF 
ar 0.1uF 31 LNAIN LNA OUTHS ey en 
= 4) LNAGND LNA BIASZ tapas 
= 16 
= LNA GND MIXER IN = 
a eee : 4.701 
im | 7 | OSC GND MIXER GND | © 535 mils 
: 3 | MIXER PD MIXER BYPASS = 
ar OSC PD MIXER OUT 
e C5 2) osci osc GND 
10uF 10 11 C13 C14 Vv 
3. 90F 2 OSc2 jt ¢+—_ bopk nae 
= _———} 2.7nH SAG20 = 42pF = 
C15 
VOC 2 ? VCO OUT L4 0.1pF 
L3 ae 150nH = 
‘C6 2.7nNH IE es, ( ) 
GND "| 400pF Dis yy oe = | 
aL [—*? MIXER OUT = C111 C12 MIXER OUT 
= 1000pF 10pF (50Q, 83MHz) 
== 1kQ, 83MHz) 
= SMV 1204 - 099 ( 
Alpha industries Ge o—e— |-——*—| 
4 10kQ ae 
V_CONTROL O——A~AA,—- *, 
<" 1kQ 
(0 to VEC) 10kQ Cg “ile 
0.1 UF = = 
cl Figure 1. A Complete LNA, Mixer and VCO 
CIRCUIT TECHNOLOGY Capacitor can be used. Further improvements in mixer IP3 can be 
LNA achieved by inserting a resistive loss at the mixer input, at the 


Impedance Match: Intrinsic return loss at the input and output ports 
is 7dB and 9cB, respectively. With no external matching, the 
associated LNA gain is =10dB and the noise figure is ~1.4dB. 
However, the return loss can be improved at 900MHz using 
suggested L/C elements (Figure 1) as the LNA is unconditionally 
stable. 


Noise Match: The LNA achieves 1.6dB noise figure at 900MHz 
when S141 = -10dB. Further improvements in Sj, will slightly 
increase the NF and So. 


Thru-Mode: A series switch can be activated to feed RF signals 
from LNA input to output with an attenuator (So, =—7.5dB). Asa 
result, the power handling is greatly improved and current 
consumption is decreased by 3.2mA as well. However, if this mode 
is not required, C23 and R6 can be deleted. 


Temperature Compensation: The LNA has a built-in temperature 
compensation scheme to reduce the gain drift to 0.003dB/°C from 
—40°C to +85°C. 


Supply Voltage Compensation: Unique circuitry provides gain 
stabilization over wide supply voltage range. The gain changes no 
more than 0.5dB when Vcc increases from 3V to 5V. 


Mixer 

Input Match: The mixer is configured for maximum gain and best 
noise figure. The user needs to supply L/C elements to achieve this 
performance. 


Mixer Bypass: To optimize the IP3 of the mixer input, one must 
adjust the value of C14 for the given board layout. The value 
typically lies between 1 and 5pF. Once a value if selected, a fixed 
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expense of system gain and noise figure. 


Tracking Bandpass Filter: At the LO input port of the mixer there is 
a second-order bandpass filter (approx. 50MHz bandwidth) which 
will track the VCO center frequency. The result is the elimination of 
low frequency noise injected into the mixer LO port without the need 
for an external LO filter. 


Power Down: The mixer can be disabled by connecting Pin 7 to 
ground. If a Schottky diode is connected between Pin 1 (cathode) 
and Pin 7 (anode), the LNA disable signal will control both LNA and 
mixer simultaneously When the mixer is disabled, 3mA is saved. 
Test Port: Resistor R5 can be substituted with an external test port 
of 50Q input impedance. Since R5 and MIXER OUT have the same 
output power, the result is a direct power gain measurement. 


vco 


Automatic Leveling Loop: An on-chip detector and loop amplifier 
will adjust VCO bias current to regulate the VCO amplitude 
regardless of the Q-factor (>10) of the resonator and varactor diode. 
However, the real current reduction will not occur until the VCO 
frequency falls below 500MHz. For a typical resonator the 
steady-state current is 3mA at 800MHz. 


Buffered VCO Output: The VCO OUT (Pin 11) signal can drive an 
external prescaler directly (see also the Philips SA7025 low voltage, 
fractional-N synthesizer). The extracted signal levels need to be 
limited to -16dBm or less to maintain mixer IIP3. 


Phase Noise: If close-in phase noise is not critical, or if an external 
synthesizer is used, C4 (Pin 8) can be decreased to a lower value. 
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Power-Down: The VCO can be disabled by connecting Pin 8 to and Pin 8 (anode), the LNA disable signal will control both LNA and 
ground. If a Schottky diode is connected between Pin 1 (cathode) — VCO simultaneously. When the VCO is disabled, 3mA is saved. 


TYPICAL PERFORMANCE CHARACTERISTICS 









CH1 S44 1 U FS 4: 30.707 Q -24.89 Q 5.86 pF 








1100.000 000 MHz 





33.184 Q 
-39.105 Q 
800 MHz 


31.879 Q 
-33.66 Q 
900 MHz 


30.594 Q 
-28.695 Q 
1 GHz 














START 800.000 000 MHz STOP 1200.000 000 MHz 


CH1 Soo 1 U FS 4. 39.8119 -22.93 Q 6.31 pF 


~ 










1100.000 000 MHz 


48.164 Q 
-35.754 Q 
800 MHz 


44.574 
-31.246 Q 
900 MHz 


42.068 Q 
-25.799 Q 
1 GHz 





START 800.000 000 MHz STOP 1200.000 000 MHz 








Figure 2. LNA Input and Output Match (at Device Pin) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 








CH1 $04 4 U FS , 4: 2.7788 U -60.419 ° 
1100.000 000 MHz 






1: 3.8929U 
-2.5227 ° 
800 MHz 


2: 3.3016U 
-22.365 ° 
900 MHz 


3: 3.0718U 
~471.955 ° 
1 GHz 


START 800.000 000 MHz STOP 1200.000 000 MHz 





CH1 S42 100mU FS 4. 9209 mu ~ -82.944 ° 
1100.000 000 MHz 


1: 77.911 mU 
-41.727 ° 
800 MHz 


2: 84.28 mU 
-55.909 ° 
900 MHz 


3: 89.053 mU 


START 800.000 000 MHz STOP 1200.000 000 MHz 








Figure 3. LNA Transmission and Isolation Characteristics (at Device Pin) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
| 
i 











CHi $411 1 U FS 4: 8.7959Q 12.2410 1.7711 nH 


START 800.000 000 MHz STOP 1200.000 000 MHz 
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1100.000 000 MHz 


7.2375 Q 
5.1895 Q 
800 MHz 


7.8293 Q 
7.6104 Q 
900 MHz 


8.1147 Q 
9.9258 O 
1 GHz 


Figure 4. Mixer RF Input Match (at Device Pin) ~- 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 








LNA Gain (S91) In Through Mode vs. Frequency 
(Vcc = 3V) 


CH1 Say 1dB/ REF-5dB 


log MAG 








START 800.000 000 MHz STOP 1 200.000 000 MHz 


LNA Gain (S94) vs. Frequency 
(Vcc = 3V) 


CH1 S24 1dB/ REF 10 dB 


log MAG 

















START 800.000 000 MHz STOP 1 200. 000 000 MHz 


LNA Input Match (S11) vs. Frequency 
(Vcc = 3V) 


CH1 S144 1 dB/_ REF -10 dB 


log MAG 

















-40°C 
25°C 
85°C 

START 800.000 000 MHz STOP 1 200. 000 000 MHz 
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Mixer RF Input Match vs. Frequency 
(Vcc = 3V) 
2dB/ REF -5 dB 





CH1 S44 


log MAG 














START 800.000 000 MHz STOP 1 200. 000 000 MHz 


LNA Isolation (S12) vs. Frequency 
(Vcc = 3V) 


CH1 S40 5 dB/ REF -10dB 


log MA 


a 








START 800.000 000 MHz STOP 1 200. 000 000 MHz 


LNA Output Match (S29) vs. Frequency 
(Voc = 3V) 
3dB/ REF -10 dB 











START 800.000 000 MHz 


STOP 1 200. 000 000 MHz 


| 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 






















































































































































































LNA Gain (Enabled) vs. Supply Voltage LNA IP3 (Enabled) vs. Supply Voltage 
14.00 TEMPERATURE (°C) 
) 4.00 
2.00 
i 11.00 
= _ 0.00 
ca 5 
S ~ 2.00 
SZ 8.00 a 
4 S -4.00 
— 
-6.00 
5.00 ais 
2.5 “3 3.5 4 4.5 5 5.5 , 
Vcc (V) . 
LNA Gain (Disabled) vs. Supply Voltage LNA Noise Figure (Enabled) vs. Supply Voltage 
0.00 
| TEMPERATURE (°C) 
| —*— -40 
—~ -5.00 ov ey —o— 
z ——— ee g 
= OO —+— 5 ae 
Go Zz 
x <x 
Z -10.00 aa 
: 
-15.00 
2.5 3 3.5 4 4.5 5 55 
2.5 3 3.5 4 4.5 5 5.5 
VOC) 
Voc (Vv) 
Mixer Power Gain vs. Supply Voltage Mixer Noise Figure vs. Supply Voltage 
3.5 | TEMPERATURE (°C) 
~~ a O—& 
; — ae ——O—— .40 
a oo 
= 25 | Qr- —O— 95 
z ao 
6 20 ae g 
: 
x ie or 
Ss Ww 
1.0 = 
0.5 — 
0.0 
2.5 3 3.5 4 4.5 5 5.5 
Vec (V) 
LO to RF In Leakage vs. Supply Voltage LO to Mixer In Leakage vs. Supply Voltage 
-40 -30 
7a -31 
42 -32 
& -43 & 
S: o -33 
Zz -44 Zz -34 
cc cc 
x x 
| 3-46 = -36 
‘ io) O 
F -47 FE -37 
° O 
pike 4 -38 
-49 
-50 
2.5 3 3.5 4 4.5 5 5.5 
Vcc (V) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


LO to IF Leakage vs. Supply Voltage Mixer RF Feedthrough Leakage vs. Supply Voltage 
-25 
-26 
-27 
-28 
-29 
-30 J 
-31 
-32 | 
33 | 





LO to IF (dBm) 





RF FEEDTHROUGH (dB) 

















-34 
-35 


| 
— 





Vcc (V) 


TEMPERATURE (°C) 








Ee == j——_ 

é 40 
io) 

K —oO— 25 
Oo 

S - 85 
> 
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Low voltage GSM front-end transceiver $A1620 





DESCRIPTION ® Absolute gain tolerance in the Rx path: +2dB (active mode) 
The SA1620 is a combined receive (Rx) and transmit (Tx) front-end 


for GSM cellular telephones. The receive path contains two low © Feedthrough attenuation LNA1 to Rx mixer 2 35dB 


noise amplifiers (LNA1 and LNA2) with four switchable attenuation ® Tx power adjustable from -3 to +12dBm by external resistor 
steps. A Gilbert Cell mixer in the receive path down-converts the 
RF signal to a first IF of 7OMHz to 500MHz. A second Gilbert Cell in ® Direct supply: 2.7V to 5.5V 


the transmit path transposes a GMSK or phase modulated IF to RF 


® Battery supply voltage V = 3.3V to 7.5V or direct suppl 
by image reject mixing. A buffered LO signal is fed to Rx and Tx aa a ae SBA oe 


mixers. Rx or Tx path or the entire circuit may be powered-down. ® Two DC regulators programmable for 2.9V, 3.3V, 3.6V or 5V 
FEATURES . @ Low current consumption: 25mA for Rx or 65mA for Tx 
® Excellent noise figure: <2dB for the LNAs at 950MHz ® Fully compatible with SA1638 GSM IF Digital 1/Q circuit 


® LNAs matched to 50Q APPLICATIONS 


®@ 900MHz front end for GSM hand-held units 
® Portable radio, TDMA systems 


® LNAs with gain control, 59dB dynamic range in four discrete steps 


® Gain stability +0.5dB within -40 to 85°C 


PIN CONFIGURATION 









TQFP Package 
isp] 
x 


ba 
i Qo 3 

x OK 
or FoF 










VBATT 


GNDREG1 
VREG1 
VREGF2 
VREG2 
GNBREG2 
CON1 













48—pin TQFP 


LO INX 
LO IN 
CON2 
GNDTx2 








ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE | ORDERCODE | DWG# | 
48-Pin Thin Quad Flat Pack (TQFP) -40 to +85°C SA1620BE 1706B 


RECOMMENDED OPERATING CONDITIONS 


er 
[Vent _[Batterywollage SOSCSCSCSSCSSC“‘“‘Cs*‘“‘“‘“C*é*dSC~‘ TIC 
[Ta Operating ambient temperature range ato 
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BLOCK DIAGRAM 
-————-—— 
| O: 10520 
a; a| 2| 2 
= S|. O QO 
Oo; O;|* 0); 2 
O| OC} > O 
sells ise O VREG2 
Gy. PONS real BANDGAP O VREG2F2 
~  . 7 poNBUF _ BIAS SUPPLIES © GNDREG2 
| O O GNDREG1 
O VREGI 
O VoctTxt 
O VocTx2 
TxO 
O SINGLE LINEAR O 
ma —_= SIDEBAND IF LEVEL 
5 ee | MIXER CONTROL TEX, 
RETx 
O 











A TLOX 

. ATTENUATION ae 
B 

O CONTROL LOGIC SUPEER 


| 
TLO LOIN 4 
LO INPUT 
purFer| | BUFFER Ec LOINX 
| 
| 














x< 
Vecli : +3 
Occ 2 
Vecl2 
NEC 
RxIF 
i IN1 <7 ro : 
a 2 RxlFX 0 
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PIN DESCRIPTIONS 
[PinNo.[ PinName | __Descripton_——zd 


[15 [GND | Groundofregulatorsuppy ___—_— 


eae CON2 Control 2, voltage select for regulator 1 
and 2 


29 CON1 Control 1, voltage selett for regulator 1 
and 2 


GNDREG2 | Ground of regulator2. 
VREG2 | Output of regulator 2 
















| GNDL1 Ground L1 for LNA1 


GNDL1A Ground L1A for LNA1 


OUT1 Output LNA1 
Positive supply for LNA‘ 












1 
TxIFX 


32 VREG2F2_ | Feedback of regulator 2 

ee P48 [TF | Finpat for 

VREG1 Output of regulator 1 : 
| 20  |TxIFX | Inverse IF input for Tx 

GNDREG1 | Ground of regulator 1 7 — 

VoecTx1 Positive supply for Tx input 
Power-on input of regulators 2 
| GNDTx1 Ground for Tx input 

VBATT Input of regulator 1 and 2 | — : , 

Pee es eo) eee eee 
GNDTx2 Ground for LO and Tx input 


ine [inputlNA2 CS 


aa 
ae 
zoe 

ies 

NO ® 


FGNDTx4 | Groundfor Txoutput__——~s 
TxOX___[nverse Tx output, open collector | 
xO | Txoutput, open colector 
[GNDTHS [Ground tforTxoutpatside ——_—| 
[RETx___| Reference resistor for Tx output current | 

27 


28 LO INX Inverse input for LO or AC ground 


37 PONBUF Power on first stage LO input buffer and 
bias 


1. There are no ESD protection diodes at Pins 16, 17, 40 and 41. Thus, open-collector outputs may have increased DC voltage or higher AC 
peak voltage. 

2. Pins 15, 18 and 21 are connected to each other and to a separate ground in REG1 and REG2. 

3. Pins 23, 25, 42 and 39 are connected to each other and to the Tx path, LO buffer and associated bias supplies. 

4. Pins 22 and 24 are connected to each other providing a sense input. They are also connected to the Tx path, LO buffer and associated bias 
supplies. 

5. Pins 30 and 34 are not internally connected. They must be connected to external grounds. 

6. Pins 48, 1, and 12 are not internally connected and have no ESD protection diodes between them. Power may be saved by connecting 
Veocl1 or VocL2 to ground if LNA1 or LNA2 are not needed. 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 
leon 
Vaart 










13 
14 
16 
17 
44 
45 
46 
47 
48 
19 
20 

2 

3 
24 

5 
38 
39 
40 
a 
42 
43 


COMP2 Capacitor for bias stabilization 


COMP4 Capacitor for bias stabilization 
/VccBM __| Voc for Rx Bias and Rx mixer 


INM RF input for Rx mixer, open emitter 
INMX Inverse RF input for Rx mixer, open emit- 
ter 





VIN 
AV 
AVG 


[Any GNO pin oanyoherGNDpIn OSC‘ TC~d SC 
“Toa 
Vixo. Vixox | Postve RF peak voltage atTeouputs——SOSC—~—SCSC—C‘“—~C‘~iSSCSCSCSSCSCSC~iSCC*' 
|_Vaxis Vaxiex | Positive IF peak voltage atRxmixeroutputs CE CC“(sSC*“‘“RSSC(#WNSCOC‘dCS 


NOTES: 
1. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 6ja. 48-pin TQFP: Oj, = 67°C/W. 
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DC REGULATORS 

Two low drop regulators (REG1 and REG2) are included on the chip 
and may be used to deliver the supply voltage of the main circuitry 
(e.g., 2.9V) out of the battery (at Vaart = 3.3 to 7.5V) as shown in 
Figure 6 and in Table 1. ; 


REG1 is intended to supply, at least, the internal functions of the 
SA1620. Both regulators may also be used for external circuitry. 
For this application, different voltages may be programmed as 
shown in Table 1. me 


The transmitter supply pins (VccTx1,2) also operate as a sensor 
connection in the feedback loop of REG1 and must be externally 
connected to pin VREG1. For REG2, the sensor pin VREGF2 must 
be connected to VREG2. 


All ground pins are internally bonded to the header except for pins 
GNDL1, GNDREG1 and GNDREG2. 


When both regulators are not used, connect pins Vgayy, PON, 
CON1, CON2, VREG1, VREG2 and VREG2F2 to ground. 


Table 2. DC Regulators 





Common positive input voltage at both regulators 


Output voltages of regulators 1 and 2 










Internal current of REG1 in power-on mode 
Internal current of REG2 in power-on mode 


lINTA 


lINT2 
lINTo1; iNTo2 | Internal current in power-down mode 


Max output current at VREG1 
Max output current at VREG2 


IVREG1MAX” 
iVREG2MAX° 


Capacitor at pin VREG1 
Capacitor at pin VREG2 


Veatt = 3.3V, Ine = 0.1mA 
Veatt = 3.3V, IReEGqi = 100mMA 





SYMBOL ~ PARAMETER 

































| Veatt = 7.5V, IReq1 = 100mA 
<100kHz 
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Table 1. DC Regulator Output Voltage Control 


Pins 
a | aa 
H H 









Ht [ s625% | 3625% 


PH TH fT 50+5% | 50+5% [ Vv | 


NOTES: 
1. The 2.9V setting allows +5% and 55mV headroom above the 
2.7V limit. ‘ 
2. Logic levels at CON1 and CON2: 
H — Open circuit. Pin must not be connected externally. 
Logic high level supplied on chip. 
L — Connected to ground. 
3. Currents at CON1 and CON2: 
H —OuA 
L (PON = H) — 50nA 
L (PON =L)-<1pA 


UNITS 


2.5 + lvreGa/10 mA 
<15 


7 é 
V 
mA 
mA 
100 
mA 
uF 
iP 
kHz 


RATING 
3.3 to 7.5 













See Table 1 


4 ot lypeGi/10 


ie) 
OQ 


0.1 to 1000 
0.1 to 500 
0.03 


<-50 
<-25 


<-30 





Fac n8 ‘ 10MHz 
BES | 100MHz 
400MHz 

NOTES: 
1. Power-on pin of Regulator 1 and 2: PON 
2. Input currents at PON: <1nA. There are no pull-up or pull-down resistors. 
3. Feedthrough attenuation from the logic input PON to the outputs VREG1 and VREG2: 240caB. 
4. Recommended load capacitors: In every case C13 = C14 = 100nF to ground with series resistance <0.1Q. Additional capacitor optional 


<1000uF with series resistance <5Q. 
At T; 2 150°C a thermal switch reduces the output current. 


Switch on times: tbd 


CoN Oro 


(CON1=CON2=L): FREG (f) = VREG (f) / VBATT (f). 
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Typical open loop bandwidths of regulator 1 at Varq; = 2.9V and C13 = 100nF. 


Feedthrough attenuation (at the indicated frequency f) from the input Vgart to the outputs VacG; and Vaege at VeaTt = 3.3V, 
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DC ELECTRICAL CHARACTERISTICS 


Vecwux = +3V, Ta = 25°C; unless otherwise stated. 


| | LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


Transmitter 


UNITS 





=| 
U 










vcore [Ourrentatpins Voctxt2—=S=*~é“‘zC(_xactve—=SO*=“‘éW*z#COON’#C#C#*dS’C~COAM@~=«S”~SC*SSdYCSmAN 
[Ri exemalresistor” SOSst=é‘“‘CédLOSC~C“‘(SMSO!O!C;COUOC«*dSCOt~‘“RSCwsdSs~“‘ésU#CO’CO@d 
[ver [itomalsupnyatpinnete = Fev 
en ec Ce (ell 
[pet [oueitsumatone io. tox — F —RrsetoaVeerenee er PV ae PT 


Low noise amplifiers 


CO] oo 
oy] on 
3 
> 


lvocL1 | Current at pin VocL1 G1hi mode 


ap 
Ts; 





ivcol2 | OurrentatpinVocl2@————«d SSCS mods Cid 

[thse [Output curentatpinPeiF COSOSOSCSCCCCi. id id 
Trwirx [Output curentatpin FX =| SSCS id 8 idl 
Tivoo8M [CurrentatpinVoosw —SCS*izCSC“‘“‘C*é NSU C*dYSCSCSC*iSCSSSC*dSC 
[Vin [uosetievel——SOSCSSSSCSCSCSCSSCSCSCSCSCSCSCSCSYSC RE —=Sdsc T 
[Wi [togicorever SSCS. SSSSOSCSCSSSSCCd Cdr 
[i [Imputiogiccurent——SSOS—SSSSSSOSCSSSSSSTTCCSC Sd 
[Gig [Input ogic capacitances Sd SSS id 
NOTES: 


1. The output current I+xo + ITxox is adjustable by the external resistor R1. ITxo9 + Itxox = 10 * IR, IR1 = VRi/Ri, 
2. Thresholds are independent of supply voltages. Thus the SA1620 is compatible with SA1638 and with the power down inputs of usual 
external voltage regulators. 


- 
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AC ELECTRICAL CHARACTERISTICS 
Vocxx = +3V, Ta = 25°C; RF = 925-960MHz; IF=400MHz, fLo=RF + IF; uniess otherwise stated. 


| LIMITS 
SYMBOL | PARAMETER TEST CONDITIONS fos oS eH nis 
| | MIN’ | TYP) [MAX — 


Low Noise Amplifier LNA1 




























[____Gihimoto ——SsdT SCC CCS? 
a | Gihimode,RF=1800MHz [| | -15 | | 
| ____Gitomode ST SP OT 
be | Gain temperature sensitivity — ee tt dB/°C 
aS pat | Gath requency variation = a Ce La 
| Si2__| Reverse isolation Githi mode ln ee ae ee 
a = 
aes a ae a | 
ee ae a a 
r 3 input third orderintercept SSS 
(NF [Noise figure a EN (OT 


Turn-on time 





torr Turn-off time 
Low Noise Amplifier LNA2! 
[___Gehimode ———SOsdT~SCSC~idr CS TCC 
| Gehimode, RF=1800MHz |_| o5 | | «8 | 
Gain Gaio1 mode | ee ae ee 
G2i02 mode | 7 | 
ae G2I03 mode ee 
| aSaylaT | | Gain temperature [eanierperatuesenstiviy | eames [e003 dB/°C 


Gaot2smodes | | oo |__| 


— | 
Rat, _|cainvotage sensitivity ee ee ee 






Se ee —— 
[Si2__|[Reverseisolation Cid a 
es 509 as 
[ouput mate 500 a Se 
G2hi mode a Le 
a 2 
eS lReeige se Se ee a 
ton |Tum-onime a ae a ae 
loer__| Tumn-off time St ee 

Rx Mixer 





VGc__ [Voltage conversion gain fee | 
= R4 = 8.2 
PGc Power conversion gain oe SS 


a 
a TD fil REE | | BPC 







EL 
ee ee ee 





| 
a CA 
[Gaewir [Rrteodinrough SS SSSCSCSC~CSCSC“‘“‘CCOOWHZ™~CCC*dSSC“‘#‘(L OCTCOCdTC 
ee a as ee eS ae 
1aGH2 ican T'S GS DE 
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AC ELECTRICAL CHARACTERISTICS (cont.) 


| SYMBOL | PARAMETER | TEST CONDITIONS eis UNITS 
| (a1 [ax 


Rx Mixer (cont.) | 






















GLo-reM | LO to mixer input feedthrough 1.3GHz ne 
GLO-RF1 LO to RF LNA1 input feedthrough 1.3GHz } -85 dBm 


GLNA1-2 


GLNa2-m__ | LNA2 output to mixer input feedtlirough 1290-1760MHz ee eae 






= 
z 
> 
— 
° 
Cc 
ms 
x2) 
Cc 
=_ 
— 
oe) 
aa 
Zz 
> 
ho 
ms 
TT 
Cc 
tom al 
=p 
© 
© 
jor 
tm. od 
= 
= 
e) 
Cc 
io) 
> 
as 
Re) 
oS 
3 
re 
(ep) . 
ot 
zN 
aa 
N 
' I 
OE 
Oo — 


| Ginai-m | LNA1 output to mixer input feedthrough ae eae nas i 4 = 

Inputémpedance (each single-ended input) | a 1.3GHz rn Ss i eae 
[Pin | Input power AT) SS GL 
Transistor saluraion init, maxinputampmude | ————————~i +i soo fd 


Tx IF input . | > 


Z00NZ a (cael aa 
input power | | es ee 





eAFouputOOOSOOCOCOCSC“‘NNNCCSC“‘SNSCNC 
|R1 = 2500, R5=R6=2000,VecTx12=55V | —“(‘“C;SSC*C*drSCOC‘dC 
NOTES: 


1. If the LNA1 is not needed, connect pin VccL1 and IN1 to GND. If the LNA2 is not needed, connect pin VocL2 and IN2 to GND. 

2. Simple L/C elements are needed to achieve specified return loss. 

3. The mixer RF inputs (emitters of a Gilbert Cell) may be driven by a symmetrical matching network. 

4. Input symmetry suppression is such that the product 6*RF—4*LO is to be suppressed by at least 66dB relative to the wanted IF output when 
the input to the mixer is at -32dBm. 





Table 3. Power-Down and Tx/Rx Control Logic 


| | PONBUF | PDTX 


Standby LO buffer active, Tx and Rx path inactive 
LO buffer active, Tx path active, Rx path inactive (LNAs + mixer) | 
Tx path inactive, LO buffer and Rx path active (LNAs + mixer) | 


Calibrate Tx path and Rx LNAs inactive, LO buffer and Rx mixer active 
Power-Down_ | Tx- and Rx-path, LO buffers and Bias inactive 





N : 

1. Logic levels of PONBUF, PDTx and PONRx: TTL, see DC Electrical Characteristics. 

2. Logic levels / polarities are compatible with Philips Semiconductors Power Amp Controller PCA5075 and synthesizers UMA1019 or SA8025. 

3. First stage of LO buffer and parts of bias supply are powered on by PONBUF. 

4. Tx- or Rx-paths may be activated for special timeslots. Lines 1 and 4 show options to support DC offset calibrations at baseband mixers, 
following in the receiver chain (SA1638). 

5. Feedthrough attenuation PONBUF, PDTx, and PONRx to outputs: [tod] 


Table 4. Gain Control Logic for LNA1 and LNA2 





NOTES: 

1. Logic levels of aand b: TTL 

2. For values of Gihi and Gilo, G2hi, G2lo1, G2lo2 and G2lo3 see LNA1 and LNA2 AC Electrical Characteristics. 
3. Feedthrough attenuation A and B to outputs: tbd. 
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Overview of Dual GSM/PCN Architecture 

The SA1620 RF front-end and SA1638 IF transceivers form a dual 
conversion architecture which uses a common IF and standard I/Q 
baseband interface for both transmit and receive paths. This 
approach avoids the screening difficulties of direct modulation in the 
transmit direction and the mass production and practical 
performance issues related to direct conversion in the receive 
direction. The time division multiplex nature of the GSM system 
permits integration of the transmit and receive functions together on 
the one RF and one IF chips. This simplifies thé distribution of local 
oscillator signals, maximizes circuitry commonality, and reduces 
power consumption. 


The SA1620 and SA1638 allow considerable flexibility to optimize 
the transceiver design for particular price/size/performance 
requirements, through choice of appropriate RF and IF filters. The 
IF may be chosen freely in the range 70-SQOMHz. The same IF can 
be used in the transmit and receive directions. Alternately, different 
IFs can be used if the SA1638 synthesizer frequency is switched 
between transmit and receive timeslots. The comparison frequency 
of the SA1638 PLL is high in order to provide fast switching time. 


With suitable choice of the IF, an identical SA1638 IF receiver 
design can be used for both 900MHz GSM and 1800MHz PCN 
(DCS1800) equipment. 


General Benefits/Advantages 


® 2.7V operation. Compatible with 3V digital technology and 
portable applications. (Higher voltage operation also possible, if 
desired.) 


® Excellent dynamic range. The availability of two LNAs allows 
flexibility in receiver dynamic design for portable and mobile GSM 
spec. applications with appropriate filters. If for a particular 
application a GaAs or discrete front-end is desired, one of the 
LNAs can be left unpowered. The placing of the AGC gains 
switches at the front means that for most of the time some 
attenuation will de inserted, further increasing typical dynamic 
performance beyond that specified by GSM. 


® High power transmit output driver, delivering +7.5dBm output. 
This is sufficient to drive a filter and power amplifier input, without 
a driver amplifier. To avoid unnecessary current consumption the 
output power can be reduced, if not required, by appropriate 
choice of an external resistor. 


® DC offsets generated in the receive channel are independent of 
the AGC setting, and correctable by software to prevent erosion of 
signal handling dynamic range by DC offsets. Independence of 
DC from AGC setting is achieved by putting the gain switches in 
the RF front-end. 


® Minimal high-quality filter requirements. As a result of the 
integration in the SA1638 of high quality channel selectivity filters, 
only sufficient filtering is needed in the receive path to provide 
blocking protection for the second mixers. This reduces receiver 
cost and size. 


® Operation at a high IF allows RF image reject filters to be relaxed. 
For example, at a 400MHz IF, the natural gain roll-off in the LNAs 
and mixer suppresses the image signal in the 1800MHz band by 
typically 28dB below the desired 900MHz band signal. 
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Receive Path 

Multiple LNAs allow the flexibility to exploit the best choice of 
currently available filters (on performance, size, or cost grounds). 
This approach is preferable to a single high-gain stage as the stray 
cross-coupling effects between pins remain manageable. ina single 
stage amplifier this would limit the amount of rejection of out-of-band 
signals that could be achieved, and would also limit the amount of 
AGC attenuation that could be practically implemented. 


The LNAs are powered up only when PONBUF, PDTx and PONRx 
are high, to allow a high degree of battery economy. If greater 
sensitivity is required for an application, an external preamplifier 
circuit can be used instead of LNA1, and LNA1 left unconnected. 


A special mode is provided with just the IF output related circuitry 
active in order to allow calibration of the DC offset at the SA1638 
baseband receive outputs. This offset contains a contribution due to 
coupling effects between the second local oscillator and the IF 
circuitry, and therefore the receiver is set up in the receive state (but 
with incoming signals excluded) to allow accurate offset calibration. 


Gain Control 

Gain control is implemented in the SA1620 RF front-end. This 
avoids the disruption of the DC offset at the baseband IQ outputs 
that is typically caused by changes in the AGC. The SA1620 and 
SA1638 are designed so that the GSM dynamic range requirements 
can be met with the AGC remaining on the maximum gain setting. 


These gain steps scale the dynamic range of the received signal 
(e.g., 90dB for GSM) into the dynamic range of the baseband 
processing device. 


The absolute gain tolerances may be measured together with the 
attenuation tolerances of external filters during production of the 
receiver equipment. After software calibration switching from one 
dynamic range to another will cause only minor errors. 


Tx Path 

TXIF and TXIFX are differential IF inputs for phase modulated 
signals (e.g., GMSK). There is an IF level control loop which 
provides a constant amplitude to an image reject up mixer. Thus, 
this mixer operates linearly in the IF path, independent of IF level 
tolerances. 


The single sideband up mixer is sufficient in quadrature to achieve 
the typical performance indicated in Table 6 over an IF range of 250 
to 500MHz. The mixer is operating in switching mode by well 
matched 0° and 90° LO signals, optimized for 1.1 to 1.5GHz. 


The Tx output stage operates in switching mode. Thus, parasitic 
AM at the IF is not transferred. The outputs TXO and TXOX may be 
used symmetrically or single-ended. Some spurious emissions will 
be very low when a symmetrical output signal is used. 


Pout = 6.25 * (Rs + Re) * (Ini)? 


with Rs = Re according to Figure 6 and Ipy = V_y/R1 according to 
DC Electrical Characteristics. Pour is adjustable with R1 and is 
accurate to within +1dB over the full voltage range 2.7 to 5.5V, ana 
+0.5dB from a given supply voitage. The absolute limit of the 
negative peak voltage swing at pins TxO and TxOX is Vgat = 
VecTx1,2 -—1V. The absolute limit of the positive peak voltage is 
+6V. 
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LNA1 OUT = : 
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C575 ss Vde 
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C609 L 
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ry i] 
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R546 ' S ecinie 
ce S-PDTx 


See 
100nF 
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PONBUF 


VBATT C528 
S-PON  t00nF 


QO 


PON 


pees ae GNDREG1 
OK 12-mil wide tine on 31-mil thick FR-4 substrate 


em =-— & 


xxx 2 xxx-mil long line VREG1 
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nDE: C530 
(ceramic) 
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Figure 6. Application Circuit 
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LO Input required, without disruption of the LO circuitry. LO input pins LO IN 
The LO input is used in Tx- and in Rx-mode. and LO INX may be used single-ended or symmetrically. 


Only one synthesizer PLL is necessary to supply the LO input with 
different frequencies in Tx and Rx timesiots. 


Table 5. GSM/DSC1800 Frequency Specification 
(GSM 05.05, Version 4.2.0, April 1992) Mobile Stations Frequency 


The LO input buffer should only be set in power-down mode Bands 

together with the PLL. As further buffering is included on chip there Gsm ~pesta00_| 

will be no influence on the PLL in active mode when the SA1620 Rx- aa de lata : 

or Tx-path is power On or Off. Current consumption can thus be 890 to 915 | 880.2 to 915 1710 to 1785 MHz 
saved by powering on the Rx- and Tx-circuitry just before it is 935 to960 | 925.2t0960 | 1805 to 1880 





Table 6. Measured Tx Output Frequency and Tx Mixer Products 
IF=400MHz, symmetrical load at pins TxO, TxOX. 















~_- SPECTRAL LINE f=n*IF+m*LO MHz | RELATIVE POWER OF SPECTRAL 

a a ee 
|i {| 80 {| tco fs | St a 
ee a a (Dee ee (2 (ei 
fs [ 40 [ so | 5 [| 2 [| 1 {[ [3 [~  {[ 
a a a =e || teeta 
a a a SC (-- c  ( 


| 8 | 800 | 00 | on 
ea a a eC (|) 
p10 | 960 | 1000 | oso {| 4 | 2) 
a De ee (ee (| 
p13 | te0 | i300 [3s | oT tet 















[a (= | 
[5 [_1a0_|i500_[ teas [6 [3 | -+| | |S 
Of i Oe ee 
ee es CC 
7e_| 1760 [1800 teso| 2 | 2 | | | [9 
rao] 1900 | toss [8 | 3 | | 8 |_| 
[20 [2000] 20002000 [5s | 0 || 7 || 
[2i_[ 2080 | _2t00 | ans [2 | 1 | | —| | 
[22 [2160 | 2000 2280 | 1 | 2 | -+| 7 | |S 
a Oe CT Sn (| EE 
[24 [2400 | 2400 [2400 [ 6 | 0 || || 
[25 [2480 | 2500 | asts_ | 3 | 1 ||| | SS 
NOTE: 


—_k 


. Desired Tx output frequency LO-IF corresponding to EGSM Tx band in Table 5. 
2. (LO+IF)-(LO-IF) = 2 * IF 

3. See Rx bands in Table 5 

4. LO+IF = mixer image frequency 

5. See Tx bands in Table 5 
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Table 7. Measured Tx Output Noise Floor 
Measured 10MHz away from spectral lines of Table 6. 


Frequency MHz 


1880 to 12750 
>12750 


Tx Noise Density at Adjacent Channel 
Measured 200kHz away from Tx—-RF: <—130dBc/Hz 
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GENERAL DESCRIPTION 


The TDA1574 is a monolithic integrated FM tuner circuit designed for use in the r.f./i.f. section of car 
radios and home-receivers. The circuit comprises a mixer, oscillator and a linear i.f. amplifier for signal 
processing, plus the following additional features. 


Features 


@ Keyed automatic gain control (a.g.c.) 
@ Regulated reference voltage 

@ Buffered oscillator output 

@ Electronic standby switch 

@ Internal buffered mixer driving 


QUICK REFERENCE DATA 


Supply voltage range (pin 15) Vp 7to 16 V 
Mixer input bias voltage (pins 1 and 2) V12-4 typ. 1V 
noise figure NF typ. 9 dB 
Oscillator output voltage (pin 6) V6-4 typ. 2V 
output admittance at pin 6 for f = 108,7 MHz Y22 typ. 1,5+j2 mS 
Oscillator output buffer | 
D.C. output voltage (pin 9) V9.4 typ. 6 V 
Total harmonic distortion THD typ. —15 dBC 
Linear i.f. amplifier output voltage (pin 10) V10-4 typ. 45 V 
noise figure at Rg = 300 22 NF typ. 6,5 dB 
Keyed a.g.c. output voltage range (pin 18) V18-4 + 0,5 to Vp—0O,3 V 
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FM front-end IC TDA1574 


FUNCTIONAL DESCRIPTION 
Mixer 


The mixer circuit is a double balanced multiplier with a preamplifier (common base input) to obtain 
a large signal handling range and a low oscillator radiation. 


Oscillator 


The oscillator circuit is an amplifier with a differential input. Voltage regulation is achieved by 
utilizing the symmetrical tanh-transfer-function to obtain low order 2nd harmonics. 


Linear IF amplifier 
The IF amplifier is a one stage, differential input, wideband amplifier with an output buffer. 


Keyed AGC 


The AGC processor combines narrow- and wideband information via an RF level detector, a comparator 
and an ANDing stage. The level dependent, current sinking output has an active load, which sets the 
AGC threshold. 

The AGC function can either be controlled by a combination of wideband and narrowband information 
(keyed AGC), or by a wideband information only, or by narrowband information only. If only narrow- 
band AGC is wanted pin 3 should be connected to pin 5. If only wideband AGC is wanted pin 12 
should be connected to pin 13. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 15) Vp=V45.4 max. 18 V 
Mixer output voltage (pins 16 and 17) V416, 17-4 max. 35 V 
Standby switch input voltage (pin 11) V141-4 max. 23 V 
Reference voltage (pin 5) V5.4 max. 7V 
Field strength input voltage (pin 12) V12-4 max. 7 V 
Total power dissipation Prot max. 800 mW 
Storage temperature range T stg —55 to+ 150 °C 
Operating ambient temperature range Tamb —40to +85 9 


THERMAL RESISTANCE 
From junction to ambient (in free air) Rth j-amb = 80 K/W 


Note 


All pins are short-circuit protected to ground. 
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FM front-end IC TDA1574 


CHARACTERISTICS 
Vp = V15-4 = 8,5 V; Tamb = 25 OC; measured in test circuit Fig. 1; unless otherwise specified 


parameter symbol min. | typ. 


Supply (pin 15) 


Supply voltage : Vp =V15-4 V 
Supply current (except mixer) Ip=l45 mA 
Reference voltage (pin 5) V5-4 V 
Mixer 
D.C. characteristics 
Input bias voltage (pins 1 and 2) V9.4 V 
Output voltage (pins 16 and 17) V16,17-4 V 
Output current (pin 16 + pin 17) lig tl17 mA 
A.C. characteristics (f; = 98 MHz) 

Noise figure | NF dB 
Noise figure including transforming network NF dB 
3rd order intercept point EMF1)p3 dBuV 
| Conversion power gain 
101 2 ANM (out) 19; MMzI Rist Gp dB 
(EMF1 98 MHz)? RML 
Input resistance (pins 1 and 2) R4 Da Q 
Output capacitance (pins 16 and 17) C1617 pF 

| Oscillator 
D.C. characteristics 
Input voltage (pins 7 and 8) V78-4 V 
Output voltage (pin 6) V6-4 V 
A.C. characteristics (fs, = 108,7 MHz) 

Residual FM (Bandwidth 300 Hz to 15 kHz); | 
de-emphasis = 50 ys | Af Hz 
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Linear i.f. amplifier 








D.C. characteristics 
Input bias voltage (pin 13) V43-4 
Output voltage (pin 10) 


A.C. characteristics (f; = 10,7 MHz) 


Input impedance 






R14-13 
C14-13 









Output impedance 
R10-4 
C10-4 







Voltage gain 


V10-4 
20 log,-————_ G 
aac VIF 
Tamb = —40 to + 85 °C AGy| = 








1 dB compression point (r.m.s. value) 






at Vp = 8,5 V V'10-4rms 
at Vp= 7,5 V — V10-4rms 
Noise figure 






at Rg = 300 Q NF 






Keyed a.g.c. 







D.C. characteristics 







Output voltage range (pin 18) V 18-4 
A.G.C. output current 
at Ig =o or 
V42-4 = 450 mV; V19.4 = Vp/2 —l1g 
at V3.4 =2V and 
V12-4 = 1V;V18.4 = V15-4 
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FM front-end IC TDA1574 


CHARACTERISTICS (continued) 


Narrowband threshold 
at V3.4 =2V;V492.4 = 550 mV V18-4 —~ — 1 V 
at V3.4 =2V;V42.4 = 450 mV Vi9-4 Vp-0,3 | — — V 


A.C. characteristics (fj = 98 MHz) 
Input impedance 


R3.4 _ 4 _ kQ 
C3.4 — 3 — pF & 

Wideband threshold (r.m.s. value) 
{see figures 2, 3, 4 and 5) 

at V12-4 = 0,7 V; V1g.4=Vp/2;!1g=0| EMF2rms | — 17 = mV 
Oscillator output buffer (pin 9) | 
D.C. output voltage V9.4 = 6,0 = V 
Oscillator output voltage (r.m.s. value) , 

at Ry =; C; =2 pF V9-4(rms) = 110 = mV 

at Ry = 75 2 | V9-4(rms) 30 50 — mV 
D.C. output impedance R9.15 = “ 2,5 = kQ 
Signal purity 
Total harmonic distortion | THD —- —15 — dBC 
Spurious frequencies 

at EMF1 = 0,2 V; Rg; = 50 2 fs ~~ —35 —- dBC 
Electronic standby switch (pin 11) 
Oscillator; linear i.f. amplifier; a.g.c. 

at Tamb = —40 to + 85 OC | 
Input switching voltage | 

for threshold ON; V49.4 = 2 Vp-—3 V V11-4 0 - — 2,3 V 

for threshold OFF; V49.4=<0,5V V114 3,3 oe 23 V 
Input current 

at ON condition; V44.4=OV | 144 — — 150 LA 

at OFF condition; V14.4 = 23 V lay ts = 10 uA 
Input voltage | | 

at l14=¢@ | V41-4 a — 4A V 
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7290307 





400 500 600 700 


Fig. 2 Keyed a.g.c. output voltage V9.4 Fig. 3 Keyed a.g.c. output voltage V19.4 
as a function of r.m.s. input voltage V3.4. as a function of input voltage V1.4. 
Measured in test circuit Fig. 1 Measured in test circuit Fig. 1 
at V47.4=0,7 Vi l18=¢. at V3.4=2V;l1g9= ¢. 

7290308 ° 7Z90309 





M2240") 
Fig. 4 Keyed a.g.c. output current 178 Fig. 5 Keyed a.g.c. output current I7g 
as a function of r.m.s. input voltage V3.4. as a function of input voltage V9.4. 
Measured in test circuit Fig. 1 Measured in test circuit Fig. 1 
at V49.4 = 9,7 V;V498-4 = 8,5 V. . at V3.4=2V;V1—g4=8,5V. 
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Integrated FM tuner for radio receivers TDA1574T 





GENERAL DESCRIPTION 


The TDA1574T its an integrated FM tuner circuit designed for use in the RF/IF section of car radios. 
and home-receivers. The circuit contains a mixer and an oscillator and a linear IF amplifier for signal 
processing. The circuit also incorporates the following features. 


Features 


® Keyed Automatic Gain Control (AGC) 
@ Regulated reference voltage 

Buffered oscillator output 

Electronic standby switch 

Internal buffered mixer driving 


QUICK REFERENCE DATA 
parameter conditions 


Supply voltage range 
(pin 17) 


Mixer input bias voltage 
(pins 1 and 2) 


Noise factor 


Oscillator output voltage 
(pin 6) 
Output admittance at pin 6 f = 108.7 MHz 


Oscillator output buffer 
DC output voltage (pin 9) 


Total harmonic distortion 


Linear |F amplifier output 
voltage (pin 12) 


Noise factor 


Keyed AGC output voltage 
range (pin 20) 
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102 
» AGC output a +Vp 
Ruy 3002 yo nt | 
AGC standby switch 
from narrowband thrashold 
IF filter information supply voltage 


2 3 22 nF tineer 
min Pde, 1 amplifier 
ile i. 
iF 
AMPLIFIER 
STANDBY 


SWITCH 


| oe _ 
22 nF 22 nf 





buffered 
oscillator 


cS ; 
Output 
ape 782 
OSCILLATOR ii 
OUTPUT BUFFER 


a 





BALANCED 


wen 6] Ce | CidzC 
REFERENCE 
VOLTAGE | 
OSCILLATOR 
: is , 7224461.2 
1nF y 3.9 pF 


“ 10 nF : 
Rs2 al of 


50.2 30 pF 








EMF 2 
f =~ 98 MHz 


Coil data 


L1: TOKO MC-108, 514HNE-150023S14; L = 0.078 wH 
L2: TOKO MC-111, ES516HNS-200057; L = 0.08 nH 
L3: TOKO Coil set 7P, N1 = 5.5 + 5.5 turns, N2 = 4 turns 


Fig.1 Block diagram and test circuit. 
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Integrated FM tuner for radio receivers 7 TDA1574T 





PINNING 


Mixer input 1 

Mixer input 2 

Wideband information input 
Ground 

Voltage reference 

Oscillator output 

Oscillator input 1 

Oscillator input 2 

Buffered oscillator output 

& eae 10. Not connected 

11. Not connected 

12. IF output 

13. Standby switch 

14. Narrowband information input 


ca a 





15. IF input 7 
16. IF input 2 
17. Supply voltage 
"7224460 18, Mixer output 1 
19. Mixer output 2 
Fig.2 Pinning diagram. 20. AGC output 


FUNCTIONAL DESCRIPTION 
Mixer 


The mixer circuit uses a double balanced multiplier with a preamplifier (common base input) in order 
to obtain a large signal handling range and low oscillator radiation. 


Oscillator 


The oscillator circuit uses an amplifier with a differential input. Voltage regulation is achieved by 
utilizing the symmetrical tan h-transfer-function to obtain low order 2nd harmonics. 


Linear |F amplifier 


The IF amplifier is a one stage, differential input, wideband amplifier with an output buffer. 


Keyed AGC 


The AGC processor combines narrow and wideband information via an RF level detector, a comparator 
and an ANDing stage. The level dependent current sinking output has an active load which sets the AGC 
threshold. 

The AGC function can either be controlled by a combination of wideband and narrowband information 
(keyed AGC) or by a wideband/narrowband information only. If narrowband AGC is required pin 3 
should be connected to pin 5. If wideband AGC is required pin 14 should be connected to pin 15. 
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Integrated FM tuner for radio receivers TDA1574T 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


yo... Se i 
| parameter conditions | symbol 



















Supply voltage (pin 17) 


Mixer output voltage 
(pins 18 and 719) 


| 
| Standby switch input voltage | 
| (pin 13) ~. | | V13.4 
Reference voltage (pin 5) 








Total power dissipation 
Storage temperature range 
Operating ambient temperature range 





THERMAL RESISTANCE 
From junction to ambient (in free air) Rthja = 95 K/W 
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CHARACTERISTICS 


Vp = V17-4 = 8.5 V; Tamb = 25 OC; measured in test circuit Fig.1; 
All measurements are with respect to ground (pin 4); unless otherwise specified 


Supply (pin 17) 
Supply voltage 






conditions 


Supply current 


(except mixer) 23 30 mA 


Reference voltage (pin 5) 42 |44 |v 


Mixer 
DC characteristics 
Input bias voltage 





(pins 1 and 2) 1 _ V 
Output voltage 

(pins 18 and 19) ~ 35 V 
Output current 

(pins 18 and 19) 4.5 — mA 
AC characteristics fj = 98 MHz | 
Noise figure 9 _ dB 
Noise figure including 

transforming network 11 _ dB 
3rd order intercept point 115 | — dB/pV 
Conversion power gain 14 — dB 
Input resistance 

(pins 1 and 2) 14 — 2 
Output capacitance 

(pins 18 and 19) 13 _ pF 
Oscillator 
DC characteristics 
Input voltage 

(pins 7 and 8) 13 ~~ V 
Output voltage (pin 6) 2 — V 
AC characteristics 
Residual FM (bandwidth = 

300 Hz to 15 kHz) de-emphasis = 50 us 2.2 — Hz 
Linear IF amplifier 
DC characteristics 
Input bias voltage (pin 15) 1.2 - V 
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CHARACTERISTICS (continued) 


Vi2 — 4.5 -— V 


Output voltage (pin 12) 





AC characteristics | fj = 10.7 MHz 


[Input impedance 


Output impedance 


Voltage gain 


Voltage gain with 
variation of temperature 


1 dB compression point 








(RMS value) 


Signal-to-noise ratio S/N 


Keyed AGC 
DC characteristics 


Output voltage range 
(pin 20) 


AGC output current 
at 13 =Oor 
V 14 = 450 mV; 
V20 = Vp/2 
at V3 = 2 V and 
V14=1V;V20= Vis 
Narrowband threshold 
at V3=2V;V 74 = 550 mV 
at V3 = 2 V;V74q4 = 450 mV 


AC characteristics fj = 98 MHz 


Input impedance 
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TDA1574T 


Wideband threshold 
(RMS value} 
(see Figs 3, 4, 5 and 6) 
at V14=0.7 V; 
V20 = Vp/2; lag = 0 : EMF 2(rms) 


Oscillator output buffer 
(pin 9) 


= 


DC output voltage Vo 
Oscillator output voltage 

(RMS value) 

at R; =00;C; = 2 pF V9irms) 
DC output resistance Rg-17 
Signal purity 
Total harmonic distortion THD 


Spurious frequencies 
at EMF1=1V;Rs7=502 fs 


Electronic standby switch 
(pin 11) 
Oscillator; linear IF | 
amplifier; AGC — Tamb = —40 
to + 85 °C 
{nput switching voltage 
for threshold ON V29 => Vp-3 V | V43 
for threshold OFF V99 =< 0.5V V13 


Input current 
at ON condition Vi3g=OV | —143 
at OFF condition Vi3=23V —143 


Input voltage 143 =0 V13 


Notes to the characteristics 


30 


17 





1. Power gain conversion is equated by the following equation: 


| xt 
10 log —EMF1 98 MHz)? RML 


2. Voltage gain is equated by the following equation: 


V42 
V 16-15 





20 jog 
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Fig.3 Keyed AGC output voltage V99 asa 
function of RMS input voltage V3. 


Measured in test circuit Fig.1 at Vyq = 0.7 V; 


log = 0. 
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Fig.5 Keyed AGC output current l99 asa 
function of RMS input voltage V3. 

Measured in test circuit Fig.1 at V14 = 0.7 V; 
V99 = 8.5 V. 
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Fig.4 Keyed AGC output voltage V7q as a 
function of input voltage V 14. Measured in 
test circuit Fig.1 at V3 = 2 V; lo9 = O. 





Vi4g—4 (mV) . 


Fig.6 Keyed AGC output voltage Iq as a 
function of input voltage V 14. Measured in 
test circuit Fig.1 at V3 = 2 V; Va9 = 8.5 V. 
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oy 85 Vv 








10 nF standby switch 
AGC threshold 


narrowband supply voltage 
intormation LOW for FM ON 


4 
ve! ) 


SFE . 
tinear 


time | | IF emplitier 
i = ~ 
STANDBY - 
SWITCH 
a 


AMPLIFIER 


1 nk buttered 


. -+—> oscillator 
ry Output 
RR, lose? 
OSCILLATOR 750) 
tj OUTPUT BUFFER h 
ae j " 
OSCILLATOR 
6 7 


‘fo 


§6 kQ Bp204 
canconrnouseo | Late #) reas 
i 5.6 kid 
tuning voltage 
Coil data 
L1: TOKO MC-108, N1 = 5.5 turns, N2 = 1 turn 
L2: see Fig.1 
3: " 


(1) Field strength indication of main IF amplifier. 


Fig.?7 TDA1574T application diagram. 
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TV VHF mixer/oscillator UHF preamplifier — TDA5030A 


GENERAL DESCRIPTION 


The TDA5030A provides VHF local oscillator, VHF mixer and UHF IF preamplifier functions for 
VHF/UHF television receivers. It includes a buffered output from the VHF local oscillator, a VHF/UHF 
switching circuit and an IF amplifier stage for an external SAW filter. 


Features 

® Balanced VHF mixer 

@ Voltage-controlled VHF focal oscillator 

@ |F amplifier for SAW filter 

® UHF IF preamplifier 

@ Local oscillator buffer output for external prescaler 

@ Voltage stabilizer 

@ UHF/VHF switching circuit | 
e Electrostatic discharge protection diodes at pins 10, 11, 12 and 13 


QUICK REFERENCE DATA 
parameter conditions 


Supply voltage 

Supply current 

VHF mixer frequency range 
Conversion gain 


Conversion noise 300 MHz 


Input signal for 
1% cross modulation 


Storage temperature range 


Operating ambient 
temperature range 
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TV VHF mixer/oscillator UHF preamplifier TDA5030A 


VHF BUFFERED 
LOCAL OSCILLATOR 
OSCILLATOR OUTPUT 


SAW FILTER 
IF AMPLIFIER | 


STABILIZER 
AND 
SWITCH 





7Z92276.2 


Fig. 1 Block diagram. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter conditions | 


symbol 





Supply voltage pin 15 Vp = V45-3 | 14 V 
Input voltage pins 1,2, 4 and 5 Vj | 5 V 
VHF switching voltage pin 12 V412 V 45+ 0,3 V 


Output current pins 10,11 or 13 149, 1113 10 mA 


Short-circuit 
time On outputs pins 10 and 11 tog 10 S 


Storage temperature 
range T stg | +125 od @ 


Operating ambient 


temperature range + 85 oC 
Junction temperature 
range + 125 OC 
THERMAL RESISTANCE 
From junction to ambient Rth j-a 55 K/W 
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CHARACTERISTICS 
Measured in circuit of Fig. 2, Vp = V15.3 = 12 V, Tamb = 25 OC, unless otherwise specified 


Supply | 
Supply voltage pin 15 V 
Supply current anal 


Switch voltage level : 
for VHF pin 12 V 


Switch voltage level 
for UHF pin 12 V 


Switch current UHF selected mA 


VHF mixer (including IF amplifier) 


Frequency range MHz 


Noise factor pin 2 
f= 50 MHz dB 
f = 225 MHz | dB 
f = 300 MHz dB 
f = 470 MHz dB 


Optimum source 
conductance pin 2 
f= 50MHz mS 
f = 225 MHz mS 
f = 300 MHz 1 mS 


Input conductance pin 2 
f= 50MHz mS 
f = 225 MHz mS 
f = 300 MHz mS 
Input capacitance pin 2 
f= 50 MHz | pF 
Input voltage for 
1% cross-modulation 
(in channel) : | dBeV 
Input voltage for 
10 kHz pulling 
(in channel) f< 300 MHz | | | | dBuV 


Voltage gain | | | | | dB 
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CHARACTERISTICS (continued) 


parameter conditions 


UHF preamplifier (including IF amplifier) 


Input conductance pin 5 
Input capacitance pin 5 
Noise factor pin 5 


Optimum source 
conductance pin 5 


Input voltage for 
1% cross-modulation 
(in channel) 


Voltage gain 


VHF mixer 


Conversion 
transadmittance pins 2 to 6,7 


Output impedance pins 6 and 7 


VHF oscillator 
Frequency range 


Frequency shift AV p = 10%; 
f = 70—330 MHz 


Frequency drift | AT=15K; 
f = 70—330 MHz 


Frequency drift between 5 s and 
15 min after 
switch-on 


SAW filter [F amplifier 
Input impedance 2410 
f= 


Transimpedance 


Output reflection 
coefficient: f = 36 MHz 


modulus 


phase 
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TV VHF mixer/oscillator UHF preamplifier TDA5030A 
















parameter 


VHF local oscillator output buffer | 


Output voltage pin 13 
RE = 752 
f < 100 MHz V43 


f > 100 MHz V13 
f = 100 MHz 243 


Output impedance 


RF signal of-local 
oscillator output RL =762 

Vi=1V; 

f < 225 MHz RF/(RF+LO) 
Vj =0,3V; 

f = 225~300 MHz RF/{RF+LO) 


| 





IF signal on local 


oscillator output UHF selected: 


aU eae ony 
Vj = 350 mV ([F/(JF+LO) 
Local oscillator 
harmonics w.,r.t. 
local oscillator 
output signal R,_ =75Q 
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TV VHF mixer/oscillator UHF preamplifier 
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Image rejecting front-end for GSM applications 





Product specification 


UAA2072M 





FEATURES 
¢ Low-noise, wide dynamic range amplifier 
¢ Very low noise figure 


¢ Dual balanced mixer for up to 60 dB _ on-chip image 
rejection 


¢ Programmable IF |/Q combiner : 
On-chip programmable quadrature network 


Very fast 3-wire control bus 

° Down-conversion mixer for closed-loop transmitters 
Indeperident TX/RX fast ON/OFF power-down modes 
Very small outline packaging 


Very small application (no image fiiter). 


APPLICATIONS 


¢ 900 MHz front-end for GSM hand-portable equipment 
¢ Compact digital mobile communication equipment 
¢ TDMA receivers. 


GENERAL DESCRIPTION 


UAA2072M contains both a receiver front-end and a high 
frequency transmit mixer intended to be used in the GSM 
(Global System for Mobile communications) cellular 
telephones. Designed in an advanced BiCMOS process it 
combines high performance with low power consumption 
and a high degree of integration, thus reducing external 
component costs anid total front-end size. 


The main advantage of the UAA2072M is its ability to 
provide at least 30 dB of image rejection. Consequently, 
the image filter between the LNA and the mixer is 
suppressed and the duplexer design is eased, compared 
with a conventional front-end design. 


Image rejection is achieved in the internal architecture by 
two RF mixers in quadrature and two all-pass filters in | 
and Q IF channels that phase shift the IF by 45° and 135° 


QUICK REFERENCE DATA 


SYMBOL | PARAMETER | MIN. | TYP. 


supply voltage 






locrx receive supply current 


transmit Supply current 
supply current in power-down 
operating ambient temperature 













November 1994 











respectively. The two phase shifted IFs are recombined 
and buffered to furnish the IF output signal. 


For instance, signals presented at the RF input at LO + IF 
frequency are rejected through this signal processing 
while signals at LO — IF frequency can form the IF signal. 
An internal switch allows the use of infradyne or supradyne 
reception. The precision needed for this signal processing 
is achieved by compensating for process spreads and 
trimming for the choosen IF frequency and the LO band 
centre frequency via a 3-wire serial bus interface. 


The receiver section consists of a iow-noise amplifier that 
drives a quadrature mixer pair. The IF amplifier has 
on-chip 45° and 135° phase shifting and a combining 
network for image rejection. The overall phase rotation is 
programmable for maximum image rejection at a given IF. 
The IF output drivers have differential open-collector type 
outputs. 


The LO part consists of an internal ali-pass type phase 
shifter to provide quadrature LO signals to the receive 
mixers. The centre frequency of the phase shifter is 
adjustable for maximum image rejection in a given band. 
The all-pass filters outputs are buffered before being fed to 
the receive mixers. 


The transmit section consists of a down-conversion mixer 
and atransmit IF driver stage. In the transmit mode an 
internal LO buffer is used to drive the transmit IF 
down-conversion mixer, 


All RF and IF inputs or outputs are balanced, and 200 Q is 
used as standard RF impedance. 


A 3-pin unidirectional serial interface is used to program 
the circuits, using 16-bit words. This data bus allows 
compensation of process spreads, and is used to adjust for 
maximum image rejection performance at a given IF. 

It also offers a selection to reject the upper or lower image 
frequency and control over the different power-down 
modes. Special care has been taken for fast power-up 
switching. 
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ORDERING INFORMATION 


| PACKAGE 
TYPE NUMBER 


| NAME DESCRIPTION VERSION 
UAA2072M SSOP20 | plastic shrink small outline package; 20 leads; body width 4.4mm — | SOT266-1 


BLOCK DIAGRAM “ 









DATA CLK E RXON TXON 


2 3 BUS 11 
_ INTERFACE 
CONTROL LOGIC 


TX/RX DACL GADJ DACI 
\/ V/ 


7” 


low—noise 
amplifier 


amz-WOZoon 


QUADRATURE 
PHASE 
SHIFTER 


TXOIFA 


LOCAL OSCILLATOR 
SECTION _ 18 


LOINA LOINB TXINB) TXINA 


Fig.1 Block diagram. 
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PINNING 


: 
E 










serial bus clock 


[DATA | 2 | serial bus data 
a es serial bus enable (active LOW) 
Lae 


Voc1 supply voltage for LNA, IF parts 
and TX mixer . 


5_ [RFI 
/RFINB =| 6 | RF balance input B 


GND1 ground for synthesizer buffer and 
ogic 


TXINA za ransmit mixer input A (balanced) 
TXINB Re 3Gk 4 ransmit mixer input B (balanced) 


TEST 10 | reserved for test purposes, should 
e corinected to ground 
| RXON 11 ardware power-on for receive 
a 
TXON 12 ardware power-on for transmit 
ixer 
TXOIFB 13 | transmit mixer IF output B 
(balanced) | 
TXOIFA 14 | transmit mixer IF output A 
(balanced) 
Voce 15 | supply voltage for local oscillator 
parts 


ground for LO parts 
LOINB LO input B (balanced) 
) 


RF balance input A 


| PINS DESCRIPTION 
zz 

2 

3 

4 


wrest | =_— 


oO 






> 


no) 
t 
” 






> 





= 











LOINA LO input A (balanced 
IF output (balanced) 
IF output (balanced) 
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MKA4 10,1 


Fig.2 Pin configuration. 





LOINB 


GND2 


Voc2 


TXOIFA 
TXOIFB 
TXON 


RXON 


Philips Semiconductors Integrated Circuits 


Image rejecting front-end for GSM applications 


FUNCTIONAL DESCRIPTION 
Receive section 


The circuit contains a low-noise amplifier followed by two 
high dynamic range mixers. These mixers are of the 
Gilbert-cell type, the whole internal architecture is fully 
differential. 


The local oscillator, shifted in phase to 45° and 135°: 
mixes the amplified RF to create | and Q channels. The 
two | and Q channels are buffered, phase shifted by 45° 
and 135° respectively, amplified and recombined internally 
to realize the image rejection. 


The serial bus interface is used for tuning to maximum 
image rejection at a given IF. The contents of registers ip5 
to ipO0 and qp5 to qpd (named IF phase adjustment words) 
are digital-to-analog converted in the DACI and DACQ 
blocks. The obtained internal voltages control the phase 
shift in! and Q; thus allowing them to be trimmed precisely 
to 45° and 135° at any given IF between 30 and 90 MHz. 
The gain in the | channel is slightly adjustable using the 
four bits ga3 to gaO to allow compensation of small gain 
mismatches between | and Q. 
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UAA2072M 


One bit (sbs) allows selection between infradyne or 
supradyne reception. 


Balanced signal interfaces are used for minimizing 
crosstalk due to package parasitics. The RF impedance 
level is 200 ©, choosen to minimize current consumption 
at best noise performance. 


The IF output is differential and of the open-collector type. 
Typical application will load the output with a differential 

1 kQ2 load; i.e. a 1 kQ resistor load at each IF output, plus 
a 2 kQ resistor to x Q narrow band matching network (x Q 
being the input impedance of the IF filter). The path to Vcc 
for the DC current is achieved via tuning inductors. The 

output voltage is limited to Voc + 3Vbe Or 3 diode forward 
voltage drops. 


“. 


In the event of only one output being used, a 1 kQ resistive 
load in parallel with a tuning inductor to Vcc, provides a 
matched 1 kQ output to the external IF filter. 


Fast switching, ON/OFF, of the receive section is 
controlled by the hardware input RXON or via the bus 
interface by changing the srx-bit in the internal register. 


MKA649, | 


1 | 
F 

Cc 

O 
M 

B 

I 

N 

E 

R 


Fig.3 Block diagram, receive section. 
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Local osciilator section 


The local oscillator (LO) input directly drives the two 
internal all-pass networks to provide quadrature LO to the 
receive mixers. 


The centre frequency of the receive band is adjustable by 
programming via the serial bus. The word ‘lo5 to lo0’ 
named LO Quad Centre Frequency Adjustment word is 
converted to an analog voltage in a digital-to-analog 
converter (DACL, see Fig.4). This voltage trims the 
all-pass network to the selected LO frequency range. To 
obtain the 30 dBspecified image rejection the precision 
required on this trimming remains low. 


The LO input impedance is 100 @ differential. Switching 
from RX to TX or power-down mode has little influence on 
the LO input impedance. 


MKA65O. 1 


Fig.4 Block diagram, LO section. 
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Transmit mixer 


This mixer is used for down-conversion to the transmit IF. 
Its inputs are coupled to the transmit RF and down-convert 
it to a modulated transmit IF frequency which is phase 
locked with the baseband modulation. 


The transmit mixer provides a differential input at 200 Q 
and a differential output driver buffer for a 1 kQ load. The 
IF outputs are low impedance (common collector type). 


Fast switching, ON/OFF, of the transmit section is 
controlled by the hardware input TXON or via the serial 
bus interface by changing the stx-bit in the internal 
register. 


_MKA651,1 
TXOIFA 


TXOIFB 


Fig.5 Block diagram, transmit mixer. 
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Serial bus interface 


The 3-wire serial bus interface allows control over the 

selective power-up of the transmit, receive and LO buffer 
circuits, the tuning of the LO quadrature and IF quadrature 
circuits and the selection of sideband rejection. The DATA CLK F §RXON TXON TEST 
interface consists of a 16-bit programming register, three 
working latches and three DACs which provide the tuning 


voltages for the image rejection of the receive quadrature 
circuits. CONTROL LOGIC 
TX/RX DACL GADJ DACI DACQ SBS 
Y, A Vv, 


BUS FORMAT ~ . vy VM) 


A 3-wire unidirectional bus is used to program the circuit, MKA652.1 
the 3 wires being: DATA, CLOCK (CLK) AND ENABLE 
(E). The timing diagram is illustrated in Fig.4. The data 
sent to the device is loaded in bursts framed by E. 
Programming clock edges and their corresponding data 
bits are ignored until E goes active LOW. The programmed 
information is loaded into the addressed working latch 
when E returns HIGH. 

Only the last 16 bits clocked into the device are retained 
within the programming register. Additional leading bits 
are ignored, and no check is made on the number of clock 
pulses. If E returns HIGH while CLK is still LOW, the extra 
clock edge produced will cause data shift. The bus 
interface will not output any address recognition. 


Fig.6 Block diagram, serial bus interface. 





Data is entered with the most significant bit first. The 
leading 12 bits make up the data field, while the trailing 

4 bits comprise the address. The first bit entered is p1, the 
last bit p16. The bits in the programming registers and 
addresses are arranged as shown in Table 1. 
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Tabie 1 Register bit allocation 


REGISTER BIT ALLOCATION 





ged | gaa | oat | oad | x | 


Table 2. Bit allocation description 


BIT REMARKS LOGIC PRESET 
six software transmit power-on 1 = power-up 
SIX software receive power-on 1 = power-up 


hardware priority not (selects if power status of | 1 = soft priority O = hard priority 
blocks is controlled via hardware or software) | 
sbs sideband select fe upper sideband | 0 = lower sideband 
| | selected selected 





lo5toloO | LO quadrature centre frequency adjustment 


ip5 to ipO IF | channel phase adjustment 





qp5 to qpO | IF Q channel phase adjustment 
not used 
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Table 3 details the different power-up modes of the circuit. Attention should be paid to the hpn-bit. This bit enables the 
RXON and TXON pins to take any logic position when software programming for power-up is used. 


Table 3 Control of power status (note 1) 


REGISTER BIT STATUS EXTERNAL PIN LEVEL CIRCUITS POWER STATUS 
RXON TRANSMIT RECEIVE 
off 


sx 

oi 

righ [of on 
[x [rie tow on 
rich 

a ; 









[x [of | of 
a a 


rf o {| « | «x  ~ oom | om 
Notes 


1. X= don't care; x = HIGH or LOW logic voltage level applied at designated pin. 
2. Circuit is operative in this mode but specification is NOT guaranteed. 


LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER 
supply voltage 


difference in ground supply voltage applied between GND1 and GNDB2 


maximum power input 


maximum operating junction temperature 
maximum power dissipation in quiet air le 250 
storage temperature 


THERMAL CHARACTERISTICS 


SYMBOL PARAMETER 








Pinja | thermal resistance from junction to ambient in free air 


HANDLING 
Every pin withstands the ESD test in accordance with MIL-STD-883C class 2 (method 3015.5). 
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DC CHARACTERISTICS 
Voc = 4.8 V; Tamp = 25 °C; unless otherwise specified. 


Pins: Voc1, Vec2, LOINA and LOINB 


| 
, 


Pins: CLK, DATA, E, RXON, TXON and TEST 


CMOS thresholdvoitage §—s [noted i t—<‘<‘CSC‘*dSC*é«*di 
Vin [HIGH tevelinputvotage Sid 
Vu [LOW kevelinputvotage | SSSSS~d 
: 
| 


HIGH level static input current pin at Voc - 0.4 V 


LOW level static input current pin at 0.4 V -1 


Pins: RFINA and RFINB 
Vi [DCinputvotage level ____—_—_—([receivemode enabled 
| Pins: IFA and lIFB | 
DC output current 
Pins: TXINA and TXINB 





Note 
1. The referenced inputs should be connected to a valid CMOS input level. 
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AC CHARACTERISTICS 
Voc = 4.8 V; Tamp = —30 to +85 °C; unless otherwise specified. 


sve. | Parawever | _conommons | wn. | 1 | wax | UNT 


Receive section (receive section enabled) ; 


2 

RLrer return loss on matched RF input | note 1 15 2 
impedance 

2 


Gep 








Q 
MHz 














RF impedance to differential IF d 
outputs matched to 1 kQ2 


differential 






G,; 


S 
os 
ies) 
~~ 
~A 


jo} 
89) 
: 


2nd order intercept point 
referenced to the RF input 


IP2DrRx 2nd order intercept point 
referenced to the RF input 


differential 





B 

dB 
H 
H 


ser ol 





Local oscillator section (receive section enabled) 


1050 | MHz 


fo | LO input frequency ee 
Pio) 


RLio return loss on matched input note 2 10 15 
(including standby mode) 
LO input power level [t—“‘(‘CUC*rS Cd Cr 


note 1 


iz | 
IP3px 3rd order intercept point note 2 ~18 - d 
referenced to the RF input 
Frx overall noise figure RF input to differential IF output; 4 d 
notes 2 and 3 
| Zi (1F) typical application IF output load | unbalanced 5 Q 
impedance 
fir IF frequency range RF <LO 
RF > LO 
image frequency rejection [noted «SO C- SS [- S«d 
fiRp image rejection at preset superheterodyne; fz = 71 MHz; | 30 3 
note 1 
100 Q 


26 
29 
0.5 
-10 
5 

2 
50 
+3 


m 
Bm 
Bm 
B 
Z 
z 
Bm 
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Transmit section (transmit section enabled) 


Z TK outputimpedance | 
C. maximum TX IF load capacitance yea 
Z [balanced 
G 


rsyweot [_paraweren | _cowomriows | wim. | TP | wax | unt 
Tenemtsoston Wanemtsestonenebied 





oO 


i(RF) | [X RF input impedance balanced 
frxmix [TX mixer inputfrequency [| 
RLtx return loss on matched TX input 






ae 
N 


— 
NO 


= [200 | 


dBm 






TX) 
Frx double sideband; note 2 

Al 
= 


— 
N 


fay ___[star-uptime ofeach bck] SSSCSCS~dSC*‘dSS SSCS 
Notes | 
1. Measured and guaranteed only on UAA2072M demonstration board at Tamp = +25 °C. 

Measured and guaranteed only on UAA2072M demonstration board. 


2 
3. This value includes printed-circuit board and balun losses. 
4 


This value might be dependent upon control values sent by a microcontroller via the serial bus. This performance is 
maintained over the RF band for a fixed phase rotation control word. 
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TIMING CHARACTERISTICS 
Typical values measured at Vcc = 4.8 V; Tamp = 25 °C; maximum value conditions under maximum clock speed; unless 
otherwise specified. 7 


svwpo. | —~=CaRAMETER——SS«SwN VR | WAX | ONT 


Serial bus interface 


fix [olooktrequeny. S~—S~SsS Sd 


Serial programming clock (pin CLK) | 












clock period | 

fewp | delay from last edge of lock ——SCS~wrIOSC*dSSSSC*idSS 

fw [minimum inactive pusewiath———~S~wdS «t= ns 
fnew | delay rom E inactive tonew data ——~S~id SSS 

fs [input datato CLK setuptime——~—SOSCS~ 


input data to CLK hold time 


: 
ol 
=) 
i 












tenn ‘new 


_— —— 
t 1 


ENABLE ; II | 


MKAG6E53.1 


START tw 


Fig.7 Serial bus timing diagram. 
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APPLICATION INFORMATION 


Figure 8 illustrates the electrical diagram of the UAA2072M Philips demonstration board. All matching is to 50 Q for 
measurement purposes. Different values will be used in a real application. 


Component manufacturers 


All surface mounted resistors and capacitors are manufactured by Philips Components. The small value capacitors are 
multi-layer ceramic with NPO dielectric= 


The inductors are manufactured by Coilcraft UK. 










a DATA CLK 
60 k 560 ka 60 k 
33 pF 33 pF 33 pF iF 
Pll R7 | R6 R5 2 
C22 C21 C20 
150 nH 
5V 



















UAA2072M_ eer 
1 nF) | C24 
100 pF 2 
C23 
C3 ve : LOIN 
: M 996 to 1032 MHz 
1.5 pF 33 pF 5 16 ” 
RFIN bi nH 
{ 
67616-a60-uie | oe . si 
; 14 2.7 pF 
33 pF >< 8 
15 pF F L14 220 nH 
LS 15.nH 10 
cB 
cs 
1.5 pF 39 pF 
TXIN a an 
B80 to 915 MHz | LS IS MH C7 2 
39 pF [ 1 


1.5 pF 


Fig.8 Application diagram. 
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C35 C33 L15 C36 


oe 
L16 C34 


L8 
C12 
cg 
L7 
C11 
LQ 
C10 
Ri 
R2 
L14 
C13 
C14 
L13 C31 L10 


SMD SIDE ULC ae 


R9 R8& R10 


Fig.9 Printed-circuit board, SMD side. 


oO SMD & SolC - SOLDER SIDE 


Fig.10 Printed-circuit board, SMD solder side. 
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| LIL "eo 
w2(_) 
fd 


TX in 


cLOocvyn 


SHOLONANOOSINAS SdITIHd 
WSS YO4 GNF LNOY4 AY LOSSY ADVI 


COMPONENT SIDE 


Fig.11 Printed-circuit board, component side for image reject RF front-end for GSM. 


COMPONENT SIDE 


cLocvvn 


SHOLONGNOOIWAS SdINIHd @ 
_ WS9 YO4 ONS LNOYS d¥ LOarad SOV 


Fig.12 Printed-circuit board, component solder side for image reject RF front-end for GSM. 
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DEMONSTRATION BOARD - PARTS LIST 


VALUE | SIZE | LOCATION 


Raf a2ko | cas [ie «| 

fea ———«i a2 | o80s 
Ca 
E : 










| COMPONENT 
















R5 ss | 560k | 0805 | CLK 
| R7 ~ | 560 kQ 

rasoxa| 0605 [TXON 
an] 120.0 | 0005 [sveus | 
[os 5 pF | 0005 [xn 














0805 | LOIN 
2apF | 0805 [LON 










120 pF | 0805 [Voce | 
[ei7___| 10 pF | 0805 [iFO 
fox —~C*d apr | oes fe 
[cas _| 400pF | 0805 [Ver 
fo2a | ter | 0805 [Voos 
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LOCATION 


COMPONENT | VALUE | SIZE 


Capacitors 
| 


0805 
0805 
1206 
1206 


af 
28 
29 


il 


V 
5 0805 |IF/NOTUSED — 
C36 | link | 0805 |IFINOTUSED | 
r 
E 
a 
-osos [LON 

| 0805 | 
TXOIF/OPTIONAL | 


cai 0806 






3 
3 







L6 
EF 
L8 
io 
Lio. 
et 
L12 
L13 
L14 
115 
L16 









Pen [oa [LON 
TXOIF/OPTIONAL 
[20 nit | 1008 [1X0 
F200 nt | 1008 TXOIF 
0805 |IFO 


Other components 



















COMPONENT DESCRIPTIONS 


C2 
SARIN 
SH 
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FEATURES 


Low-noise, wide dynamic range amplifier 


Very low noise figure 


Dual balanced mixer for at least 30 dB on-chip image 
rejection 


IF 1/Q combination network for 50 to 90 MHz 
Down-conversion mixer for closed-loop transmitters 
Independent TX/RX fast ON/OFF power-down modes 
Very small outline packaging 

Very small application (no image filter). 


APPLICATIONS 


¢ 900 MHz front-end for GSM hand-portable equipment 
¢ Compact digital mobile communication equipment 
¢ TDMA receivers. 


GENERAL DESCRIPTION 


UAA2073M contains both a receiver front-end and a high 
frequency transmit mixer intended to be used in the GSM 
(Global System for Mobile communications) cellular 
telephones. Designed in an advanced BiCMOS process it 
combines high performance with low power consumption 
and a high degree of integration, thus reducing external 
component costs and total front-end size. 


The main advantage of the UAA2073M is its ability to 
provide over 30 dB of image rejection. Consequently, the 
image filter between the LNA and the mixer is suppressed 
and the duplexer design is eased, compared with a 
conventional front-end design. 


QUICK REFERENCE DATA 


SYMBOL PARAMETER 


Image rejection is achieved in the internal architecture by 
two RF mixers in quadrature and two all-pass filters in | 
and Q IF channels that phase shift the IF by 45° and 135° 
respectively. The two phase shifted IFs are recombined 
and buffered to furnish the IF output signal. . 


For instance, signals presented at the RF input at LO + IF 
frequency are rejected through this signal processing 
while signals at LO — IF frequency can form the IF signal. 
An internal switch allows the use of infradyne or supradyne 
reception. Image rejection is at an optimum when the IF is 
71 MHz and local oscillator is above the wanted signal. 


The receiver section consists of a low-noise amplifier that 
drives a quadrature mixer pair. The IF amplifier has 
on-chip 45° and 135° phase shifting and a combining 
network for image rejection. The IF driver has differential 
Outputs of open-collector type. 


The LO part consists of an internal all-pass type phase 
shifter to provide quadrature LO signals to the receive 

mixers. The all-pass filters outputs are buffered before 
been fed to the receive mixers. 


The transmit section consists of a down-conversion mixer 
and a transmit IF driver stage. In the transmit mode an 
internal LO buffer is used to drive the transmit IF 
down-conversion mixer. 


All RF and IF inputs or outputs are balanced to reduce 
EMC issues. 


Fast power-up switching is possible. A synthon mode 
enables LO buffers independent of the other circuits. 
When SYNTHON pin is high, all internal buffers on the LO 
path of the circuit are turned on, thus minimizing LO pulling 
when remainder of receive chain is powered-up. 


transmit supply current 
supply current in power-down 





supply voltage 
llcorx i eceive supply current 


3.6 
operating ambient temperature 30 [ves —*( +88 


ORDERING INFORMATION 





TYPE NUMBER 


UAA2073M 
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BLOCK DIAGRAM 


GND3 n.c. SYNTHON RXON TXON 


low-noise 
amplifier 


QUADRATURE 
PHASE 
SHIFTER 


LOCAL OSCILLATOR 
SECTION 


LOINA LOINB TXINB TXINA 


Fig.1 Block diagram. 
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TXOIFA 


TXOIFB 
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PINNING 


Tew [DESCRIPTION 
(LOW = LO > RF) 
2 


supply voltage for LNA, IF parts IFA 
and TX mixer 


RF balance input A IFB 
RF balance input B 


ground 1 for receiver and 


| LOINA 
transmitter mixer 


transmit mixer input A (balanced) 
transmit mixer input B (balanced) UAA2073M GND2 


hardware power-on of internal LO Vv 
buffer CC2 


11. | hardware power-on for receive TXOIFA 
parts 
ON hardware power-on for transmit TXOIFB 
mixer 
TXON 


i 
(balanced) SYNTHON [10 | RXON 
TXOIFA 14 | transmit mixer IF output A 
* Yreaaree A mm 


ground 2 for LO parts | 

LO input B (balanced) 

LO input A (balanced) 

IF output (balanced Fig.2 Pin configuration. 


LOINB 
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FUNCTIONAL DESCRIPTION 
Receive section 


The circuit contains a low-noise amplifier followed by two 
high dynamic range mixers. These mixers are of the 
Gilbert-cell type, the whole internal architecture is fully 
differentiai. 


The local oscillator, shifted in phase to 45° and 135°, 
mixes the amplified RF to create | and Q channels. The 
two | and Q channels are buffered, phase shifted by 45° 
and 135° respectively, amplified and recombined internally 
to realize the image rejection. 


Pin (SBS) allows selection between infradyne or 
Supradyne reception. 


Balanced signal interfaces are used for minimizing 
crosstalk due to package parasitics. The RF impedance 


SYNTHON 


Objective specification 
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level is 150 Q, choosen to minimize current consumption 
at best noise performance. 


The IF output is differential and of the open-collector type, 
tuned for 71.3 MHz. Typical application will load the output 
with a differential 500 Q load; i.e. a 500 Q resistor load at 
each IF output, plus a 1 kQ resistor to x Q narrow band 
matching network (x Q being the input impedance of the IF 
fitter). The path to Vcc for the DC current is achieved via 
tuning inductors. The output voltage is limited to 

Voc + 3Vbe Or 3 diode forward voltage drops. 


In the event of only one output being used, a 1 kQ resistive 
load in parallel with a tuning inductor to Voc, provides a 
matched 1 kQ output to the external IF filter. 


Fast switching, ON/OFF, of the receive section is 
controlled by the hardware input RXON. 


IF 
amplifier 445° 


Fig.3 Block diagram, receive section. 
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Loca! oscillator section 


The local oscillator (LO) input directly drives the two 
internal all-pass networks to provide quadrature LO to the 
receive mixers. 


The LO input impedance is 50 Q differential. 


A synthon mode is used to power-up the buffering on the 
LO inputs, minimizing the pulling effect’on the external 
VCO when entering transmit or receive modes. 


Fig.4 Block diagram, LO section. 


Table 1 Control of power status 


EXTERNAL PIN LEVEL 






LOW | HIGH 


HIGH LOW 


LOW 
OW 
OW 

LOW 


HIGH 


| HIGH | HIGH | 
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Transmit mixer 


This mixer is used for down-conversion to the transmit IF. 
Its inputs are coupled to the transmit RF and down-convert 
it to a modulated transmit IF frequency which is phase 
locked with the baseband modulation. | 


The transmit mixer provides a differential input at 200 
and a differential output driver buffer for a 1 kQ load. The 
IF outputs are low impedance (common collector type). 


Fast switching, ON/OFF, of the transmit section is 
controlled by the hardware input TXON. 


| TXOIFA 


TXOIFB 


| TXINB TXINA 
SYNTHON 


Fig.5 Block diagram, transmit mixer. 









CIRCUIT MODE OF OPERATION 












synthon on mode, transmit and receive LO buffers enabled 


HIGH receive section on and synthon mode active 
HIGH | 


transmit section on and synthon mode active | 
HIGH HIGH | LOW receive and transmit sections on 
receive and transmit sections on 








TON 

LOW | tow | Low | power-down mode 

LOW | HIGH receive section on 
LOW | LOW | transmit section on 
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LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER | MIN. | 
[Voc __| supply voltage = 
}AGND difference in ground supply voltage applied between GND1 and GND2 fess a 










maximum operating junction temperature 
maximum power dissipation in quiet air 





THERMAL CHARACTERISTICS 


SYMBOL PARAMETER VALUE 
Rth j-a thermal resistance from junction to ambient in free air 










HANDLING 
Every pin withstands the ESD test in accordance with MIL-STD-883C class 2 (method 3015.5). 
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DC CHARACTERISTICS 
Voc = 3.75 V; Tamb = 25 °C; unless otherwise specified. 


fsvmpoc| —__Parawerer | __conomions [wm [ we [wax [unr 


Pins: Voci, Veco, LOINA and LOINB 


Vec supply voltage | over full temperature range 3.6 
locrx supply current | 2 receive mode active; DC tested | 
locTx supply current transmit mode active; DC tested ee. 


locpp supply current in power-down mode_ | DC tested 
Pins: SYNTHON, RXON and TXON 


[GHHOS threshoidvotiage _——irete?——SSS~S~w 
[HIGH ievelinputvotage if SSSC~«d 
[LOW levelinput vottage Sd SSSSSS~«d 
[LOW level statio input ourent [pinata «dA 


Pins: RFINA and RFINB 


DC input voltage level receive mode enabled 


Pins: IFA and IFB 


lie. DC output current receive mode enabled 


Pins: TXINA and TXINB 


DC input voltage level transmit section enabled V 


Pins: TXOIFA and TXOIFB 


DC output voltage level transmit section enabled ; 


Note 
1. The referenced inputs should be connected to a valid CMOS input level. 










ie) 





7 
top) 
oF 
>] 


fal b=a b= 









as 
N 
ol 


Vth 
Vin 
Vit 
ly 


mH 


— |} oO 
oO 
‘— — 
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AC CHARACTERISTICS 
Voc = 3.75 V; Tamb = —30 to +85 °C; unless otherwise specified. 


rsvweo | Parawerer | _conommons | wm | TVR [ wax | oniT 


Receive section (receive section enabled) 












AFinputfrequency | SSSS=«d DSS 960 «| 
RLRe return loss on matched RF input | note 1 15 20 
| | impedance 
| Gop conversion power gain differential RF input to any IF ae 20 23 
pte output matched to 50 @ 
differential RF input to 20 23 26 dB 
differential IF output matched to 
1 kQ differential . 
Grip gain ripple as a function of RF note 2 0.1 0.5 
frequency 
IP2px | 2nd order intercept point single-ended output; note 2 +22 
referenced to the RF input 
IP2DRx 2nd order intercept point differential output; note 2 +32 
referenced to the RF input 
differential | | 
IPSrx | 3rd order intercept point | note 2 -18 -15 
referenced to the RF input 
| Frx overall noise figure RF input to differential IF output; | -— 3.5 4.5 
| notes 2 and3 
ZL (IF) typical application IF output load | unbalanced 250 Q 
impedance 
fr IF frequenoy range RF <LO so [71 [90 [Maz 
RF > LO so [71 [90 Miz | 
fin |imagefrequency rejection | OC -S* 
firp image rejection at preset superheterodyne; fie = 71 MHz; | 30 35 
note 1 
Local oscillator section (transmit and receive section enabled, SYNTHON = 1) | 
fio ___ | LO input frequency Ce 
LO input impedance [balanced = Si Cd- SO 
RLio return loss on matched input note 2 110 15 
(including standby mode) 
LO input power level C—O 
RILo reverse isolation | LOIN to RFIN at LO frequency; ea Pe | 
note 1 | 
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rsvweou [Paraweren | _conomons | wn | We | wax | owt 


Transmit section (transmit section enabled) 


[TXIF outputimpedance [SSS 
FTX iF loadimpedance | —SOSCSC~S~S~S =i 
[maximum TX IF oad capacitance} ———SSSCS~S~ Sid Sd 
fram [TX mixer input frequency | ————SSS~S~S~s = 

[ae] 


C 


Z 
Z 
z 












CPi [1.48 input compression point [| —=S~S~S~S~w d= i 
P2% | ndorderinteroept point | SSS —*d 
Par | Std order inteoept pont | ——SCS~S~S~ dd 
froisefigure _—_——~=~S~*d ube sidebandnowe == 
feverse'solaion __—_———«TXINYo LONnole? «(a= i- 
isolation _———~=~SC*@LOINYo TXIN note? «dia 


Start-up time of each block 


F 


O 
L * 
L 
Lt x 
cP. 
TX 
Itx 
TX 


—h 
NO 


| Timing 


teu Ge 
Notes | | 


1. Measured and guaranteed only on UAA2073M demonstration board at Tamp = +25 °C. 
2. Measured and guaranteed only on UAA2073M demonstration board. 
3. This value includes printed-circuit board and balun losses. 
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2 GHz image rejecting front-end 


UAA2077BM 


FEATURES 


Low-noise, wide dynamic range amplifier 


Very low noise figure 


Dual balanced mixer for over 30 dB on-chip image 
rejection 


IF 1/Q combiner at 188 MHz 
On-chip quadrature network 


Down-conversion mixer for closed-loop transmitters 
Independent TX/RX fast ON/OFF power-down modes 
Very small outline packaging | 


Very small application (no image filter). 


APPLICATIONS 


* 1800 MHz front-end for DCS1800 hand-portable 
equipment 


¢ Compact digital mobile communication equipment 
¢ TDMA receivers e.g. PCS, RF-LANS. 


GENERAL DESCRIPTION 


UAA2077BM contains both a receiver front-end and a high 
frequency transmit mixer intended to be used in mobile 
telephones. Designed in an advanced BiCMOS process it 
combines high performance with low power consumption 
and a high degree of integration, thus reducing external 
component costs and total front-end size. 


The main advantage of the UAA2077BM is its ability to 
provide over 25 dB of image rejection. Consequently, the 


image filter between the LNA and the mixer is suppressed. 


QUICK REFERENCE DATA 


SYMBOL PARAMETER 
supply voltage 
receive supply current 


Image rejection is achieved in the internal architecture by 
two RF mixers in quadrature and two all-pass filters in | 
and Q IF channels that phase shift the IF by 45° and 135° 
respectively. The two phase shifted IFs are recombined 
and buffered to furnish the IF output signal. 


For instance, signals presented at the RF input at LO + IF 
frequency are rejected through this signal processing 
while signals at LO — IF frequency can form the IF signal. 
An internal switch allows the use of infradyne or supradyne 
reception. 


The receiver section consists of a low-noise amplifier that 
drives a quadrature mixer pair. The IF amplifier has 
on-chip 45° and 135° phase shifting and a combining 
network for image rejection. The IF driver has differential 
open-collector type outputs. 


The LO part consists of an internal all-pass type phase 
shifter to provide quadrature LO signals to the receive 
mixers. The centre frequency of the phase shifter is 
adjustable for maximum image rejection in a given band. 
The all-pass filters outputs are buffered before being fed to 
the receive mixers. 


The transmit section consists of a low-noise amplifier, and 
a down-conversion mixer. In the transmit mode an internal 
LO buffer is used to drive the transmit IF down-conversion 
mixer. 


All RF and IF inputs or outputs are balanced. 


Pins allow a selection of whether to reject the upper or 
lower image frequency and control of the different 
power-down modes. Special care has been taken for fast 
power-up switching. 


iccro | suppy curentin powerdown———SC~-SS*d-S~«dS*d WA 





3.6 

22 
transmit supply current 10 

—30 


operating ambient temperature 


ORDERING INFORMATION 


PACKAGE 


TYPE NUMBER : : 
| NAME DESCRIPTION VERSION 
UAA2077BM SSOP20 | piastic shrink small outline package; 20 leads; body width 4.4 mm SOT266-1 
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BLOCK DIAGRAM 


TXON RXON 


low—noise 
amplifier 


AMZz—-WOZO0Q 17 


LNAGND 8 


VQUADLO QUADRATURE 
SHIFTER 


LOCAL OSCILLATOR 
SECTION 


LOINA LOINB TXINB TXINA 


Fig.1 Block diagram. 
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2 GHz image rejecting front-end UAA2077BM 


PINNING 


n. 
n. 
X 
















DESCRIPTION 
1 transmit mixer input A (balanced) 


transmit mixer input B (balanced) 


Supply voltage for LNA, IF parts 
and TX mixer 


not connected 
RF balance input A 
RF balance input B 


INA 
INB 
C 
“7° | not connected 
D 
ON 
CLO 



















VocCLNA 









ne 








LNAGN ground for LNA parts 
SXON | synthon mode enable 


UAA 


mM 2077BM 


VaQuADLO input voltage for LO quadrature 
trimming 


hardware power-on of the transmit 
parts 


T 
n.c. 








hardware power-on of the receive 


parts 
LOINB 13 | LO input B (balanced) 
supply voltage for LO parts 
FA | 17 [iF outputA (balanced) 
ire | 18 [1Foutput B (balanced) 


IFA | 
IFB | 
TXOIFA 19 | transmit mixer IF output A | 
| (balanced) | 
TXOIFB 20 | transmit mixer IF output B 
| | (balanced) 


_s 


—_ 


LNAGND 


SXON 


VQUADLO 







Fig.2 Pin configuration. 
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FUNCTIONAL DESCRIPTION 
Receive section 


The circuit contains a low-noise amplifier followed by two 
high dynamic range mixers. These mixers are of the 
Gilbert-cell type, the whole internal architecture is fully 
differential. 


The local oscillator, shifted in phase to 45° and 135°, 
mixes the amplified RF to create | and Q channels. The 
two | and Q channels are buffered, phase shifted by 45° 
and 135° respectively, amplified and recombined internally 
to realize the infage rejection. 


Balanced signal interfaces are used for minimizing 
crosstalk due to package parasitics. The RF impedance 
level is 30 Q, choosen to minimize current consumption at 
best noise performance. 





Preliminary specification 


UAA2077BM 


The IF output is differential and of the open-collector type. 
Typical application will load the output with a differential 

1 kQ load; i.e. a1 kQ resistor load at each IF output, plus 
a 2 kQ to x Q narrow band matching network (x Q being 
the input impedance of the IF filter). The path to Vec for the 
DC current is achieved via tuning inductors. The output 
voltage is limited to Vcc + 3Vpe Or 3 diode forward voltage 
drops. 


Fast switching, ON/OFF, of the receive section is 
controlled by the hardware input RXON. 


MIXER IF 
amplifier 445° 
VCCLNA 
7 | 
F Pe IFA 
RFINA ¢C 
y 
Bl [re 
\ - 
E 
R 
LNAGND 


ee 


LO 
Jaber | 


OS 








RXON MKAB79 


Fig.3 Block diagram, receive section. 
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Local oscillator section 


The local oscillator (LO) input directly drives the two 
internal all-pass networks to provide quadrature LO to the 
receive mixers. 


The centre frequency of the receive band is adjustable by 
the voltage on pin Vquap_o. This voltage trims the all-pass 
network to the selected LO frequency range. Over 30 dB 
of image rejection can be obtained by trimming at this 
point. 


The LO input impedance is 35 Q differential. A synthon 
mode is used fa power-up all LO input buffers, thus 
minimizing the pulling effect on the external VCO when 
entering receive or transmit mode. This mode is active 
when SXON = 1. 


VQUADLO 


Fig.4 Block diagram, LO section. 


Table 1 Control of power status 


EXTERNAL PIN LEVEL 
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UAA2077BM 


Transmit mixer 


This mixer is used for down-conversion to the transmit IF. 
lts inputs are coupled to the transmit RF which is 
down-converted to a modulated transmit IF frequency 
which is phase locked with the baseband modulation. 


The transmit mixer provides a differential input at 30 ©2 and 
a differential HIGH impedance output. The IF outputs are 
HIGH impedance (open-collector type); i.e. a 500 
resistor load at each IF output, plus a 1 kQ to x Q narrow 
band matching network (x Q being the input impedance of 
the IF filter). The mixer can also be used for frequency 
up-conversion. 


Fast switching, ON/OFF, of the transmit section is 
coniroiled by the hardware input TXON. 


Fig.5 Block diagram, transmit mixer. 


CIRCUIT MODE OF OPERATION 


power-down mode 
receive section on, infradyne reception 
transmit section on 


LOW HIGH synthon mode 
HIGH | receive section on and synthon mode active, infradyne reception 


| HIGH | 
HIGH 


HIGH 


November 1994 





ote 


receive section on supradyne reception 


| LOW HIGH transmit section on and synthon mode active 
HIGH receive section on and synthon mode active, supradyne reception 
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LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER 
supply voltage 
difference in ground supply voltage applied between LOGND and LNAGND 


V 
maximum operating junction temperature 
maximum power dissipation in quiet air 





me 


THERMAL CHARACTERISTICS 
SYMBOL PARAMETER VALUE 





Rth j-a thermal resistance from junction to ambient in free air 


HANDLING 
Every pin withstands the ESD test in accordance with MIL-STD-883C class 2 (method 3015.5). 
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2 GHz image rejecting front-end UAA2077BM 


DC CHARACTERISTICS 
Voc = 4.0 V; Tamp = 25 °C; unless otherwise specified. 


rsvwpor [PARAMETER ‘| —_coNDMTONS [wm [TW [WAX] UNIT 


| Pins: Vecina,> Veco 


Ves | supply votage 
22 











—_h 
oh, 
© 


O1 
oO 


3/3/3|/=/3/3 
D(S/>/ PF (S15 


= 
29 |- | 
| 


8 


locsx supply current synthon mode only 
lcocsrx supply current | receive and synthon mode active | 
locsTx supply current transmit and synthon mode active 


Pins: RXON, TXON and SXON 


Pins: RFINA and RFINB 


DC input voltage level receive mode enabled V 


Pins: IFA and IFB 


lo DC output current receive mode enabled 2.5 mA 


Pins: TXINA and TXINB 


DC input voltage ievel transmit section enabled | 26: 122° -1V 


Pins: TXOIFA and TXOIFB 


Hos DC output current | transmit section enabled ee ee al mA 


Pins: LOINA and LOINB 


Vion _[DGinputvotagetevel______—([AXTXorSXONHIGH _-[- [38 _[- |v 


Note 
1. The referenced inputs should be connected to a valid CMOS input level. 


ak 





oe 





li 


N 
oO 










+] + < 
SS ee OQ 
} 


oO 
_" a () 
a 
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AC CHARACTERISTICS 
Voc = 4.0 V; Tamp = —30 to +85 °C; unless otherwise specified. 


rsyweou [ _paraweren | _cOnbrrions | win. | TWP | wax | UNT 


Receive section (receive section enabled) ‘a 


ZpFI RF input impedance balanced at 1850 MHz f- 135 f= 
15 














RFinputtrequency | 
RLre return loss on matched RF input | balanced; note 1 11 


Gop conversion power gain differential RF input to 
differential IF outputs loaded to 
1 kQ differential 


Gi | gain ripple as a function of RF between 1805 and 1880 MHz; 0.1 
frequency note 2 
OP tix __|1 dB input compression point 


IP2Drx 2nd order intercept point differential output; note 2 
referenced to the RF input 
4.3 
1 
1 


a 
© 
o) 
Oo 
-) 
© 
o) 
ais 
N 


Cm 31 
a 





ee) 


at, R 





un 
on 
| 
=‘ 
ro) 
3 
a. 
@ 
— 
A 










IP3px 3rd order intercept point note 2 

referenced to the RF input 7 
Frx overali noise figure RF input to differential IF output; 

notes 2 and 3 

ZL (IF) typical application IF output load | balanced 

impedance 
Rlir return loss on matched IF input | balanced; note 1 ie. - | 
fir IF frequency range | | RF < LO M70 


Local oscillator section (receive section enabled) 

5 __[tOinputfrequency [ro [= [2200 [wiz 

“lemeoma 
(including standby mode) 


Rito reverse isolation LOIN to RFIN at LO frequency; Pot dB 
note 1 


differential 
inal oll 


b> 
@ 5 





NO +} 
On ~j|- n> 
) Oo 
G 
© 
© 
no 
ah, 
P 
= 
T 
N 


x 













= 
il 
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SYMBOL PARAMETER 


Transmit section (transmit section enabled) 


RLxiF return loss on matched 11 15 
transmitter IF input 
ZiRr) TX RF input impedance balanced at 1750 MHz 40 |[- |e 


Trini TX mixer input frequency Ro ee 1600 |---| 2000 MHz 


Gep 











differential transmitter input to 
differential transmitter IF output 
loaded with 500 © differential 


conversion power gain 





N 


CPirx | 1dB input compressionpoint | SSCSC«*d 2S 
IP31x 3rd order intercept point Ly 


Notes 

1. Measured and guaranteed only on UAA2077BM demonstration board at Tamp = +25 °C. 
2. Measured and guaranteed only on UAA2077BM demonstration board. m 

3. This value includes printed-circuit board and balun losses. 
4 


—h 
oO 


50 
23. 

40 

40 


Paix 
Ri+x 
Tx 


= 
NO 
a. 
o|> 
= 





= 
3. 
> 
© 






VaQuADLo Open-circuit. 
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Advanced pager receiver 


UAA2080T 


FEATURES 


Wide frequency range: VHF, UHF and 900 MHz bands 
High sensitivity 

High dynamic range 

Electronically adjustable filters on chip 

Suitable for data rates up to 2400 bits/s 

Wide frequency offset and deviation range 

Fully POCSAG compatible FSK receiver 

Power on/off. mode selectable by the chip enable input 


Low supply voltage; low power consumption 


High integration level 


Interfaces directly to the PCA5000A, PCF5001 and 
PCD5003 POCSAG decoders. 


APPLICATIONS 

¢ Wide area paging 

¢« On-site paging 

« Telemetry 

¢ RF security systems 

¢ Low bit-rate wireless data links. 


ORDERING INFORMATION 


<a 
| TOFPS2_ 


UAA2080H TQFP32 | plastic thin quad flat package; 32 leads; body 7 x 7 x 1.4 mm 
UAA2080T $028 _ | plastic small outline package; 28 leads; body width 7.5 mm 





GENERAL DESCRIPTION 


The UAA2080 is a high-performance low-power radio 
receiver circuit primarily intended for VHF, UHF and 
900 MHz pager receivers for wide area digital paging 
systems, employing direct FM non-return-to-zero (NRZ) 
frequency shift keying (FSK). 


The receiver design is based on the direct conversion 


principle where the input signal is mixed directly down to 
the baseband by a local oscillator on the signal frequency. 
Two complete signal paths with signals of 90° phase 
difference are required to demodulate the signal. All 
channel selectivity is provided by the built-in IF filters. The 
circuit makes extensive use of on-chip capacitors to 
minimize the number of external components. 


The UAA2080 was designed to operate together with the 
PCA5000A, PCF5001 or PCD5003 POCSAG decoders, 
which contain a digital input filter for optimum call success 
rate. 


PACKAGE ~— 


DESCRIPTION VERSION 
OT358-2 


OT136-1 


UAA2080U 28 pads _| naked die; see Fig.9 
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Advanced pager receiver UAA2080T 


QUICK REFERENCE DATA 


| SYMBOL PARAMETER | CONDITIONS 
Ve ___| supply voltage _ ere) 


Vp 

supe curren Le eel 
ion: = = evan YE iii 
Pic RF input sensitivity 
sae 
Vth 


ref) | BER s %o0; +4 kHz deviation; | 
data rate 1200 bits/s; Tamp = 25 °C 
| fi(RF = 173 MHz 
fi(RF) = 470 MHz 
fi(RF) = 930 MHz 















Typ. | MAX. 

aos fas [Vv 
Eas 
Ea 









enen 










—126.5 | -123.5) dBm 
—124.5 | -121.5| dBm 
—120.0 | -114.0 | dBm 


~115.0 | -110.0 a 
|= +70 





mixer input sensitivity 





i(mix) BER s 00; fiRF) = 470 MHz; 
| +4 kHz deviation; 
data rate 1200 bits/s; Tamp = 25 °C 
detection threshold for battery 
LOW indicator 


operating ambient temperature 
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BLOCK AND TEST DIAGRAMS (173 MHz) 
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Advanced pager receiver UAA2080T 


Table 1 Tolerances of components shown in Figs 1 and 2 (notes 1 and 2) 


COMPONENT re REMARK 
(*] 


inductances 





#20 Qmin = 50 at 173 MHz; TC = (+25 to +125) x 10-6/K 
+10 | Qmin = 30 at 173 MHz; TC = (+25 to +125) x 10-/K 
Qmin = 30 at 173 MHz; TC = (+25 to +125) x 10-8/K 


Qnin = 80 at 67 We; TO = (425 10 +128) x 10°71K 


Fi to R7 TO = 480 x 10-5K 


Capacitors 


at. 


C1, C2, C7, C8, C9, C15 TC = (0 +30) x 10-/K; tan 5 < 30 x 10-4 at 1 MHz 


C3, C6, C12 TC = (-750 +300) x 10-6/K; tan 5 s 50 x 10-4 at 1 MHz 


C4, C5, C14, C18, C19 / TC = (0 +80) x 10-8/K; tan < 10 x 10-4 at 1 MHz 

C10, C11 TC = (0 +30) x 10-8/K; tan 6 s 21 x 10~4 at 1 MHz 

cis a 

C16 | =| TO = (-1700 +500) x 10-8/K; tan 8 < 50 x 10-4 at 1 MHz 
—- 


C17 C = (0 #30) x 10-8/K: tan d = 26 x 10-4 at 1 MHz 


Notes 


1. Recommended crystal: fxta, = 57.647 MHz (crystal with 8 pF load), 3rd overtone, pullability >2.75 x 10-°/pF 
(change in frequency between series resonance and resonance with 8 pF series capacitor at 25 °C), dynamic 
resistance R1 < 40 Q, Af = +5 x 10° for Tamp = —10 to +55 °C with 25 °C reference, calibration plus aging tolerance: 
-5 x 10-6 to +15 x 10°. 


2. This crystal recommendation is based on economic aspects and practical experience. Normally the spreads for R11, 
pullability and calibration do not show their worst case limits simultaneously in one crystal. In such a rare event, the 
tuning range will be reduced to an insufficient level. 
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Table 2 Tolerances of components shown in Figs 3, 4 and 5 (notes 1 and 2) 


COMPONENT ee REMARK 


fautneee 

Li L10 sd a aaOMSOSCSC—“—S 
(4.15 
8 
L Qmin = 40 at 78 MHz; TC = (+25 to +125) x 10-8/K 


9 
Ri 10 RS 
G1;C2;C71C8,.C9 TC = (0 +30) x 10-8/K; tan 6 s 30 x 10-4 at 1 MHz 
C3, C6, C12, C23 TC = (-750 +300) x 10-§/K; tan 6 s 50 x 10-4 at 1 MHz 
C4, C5, C14, C18 to C22 TC = (0 +30) x 10-8/K; tan 6 < 10 x 10-4 at 1 MHz 


C10, C11 TC = (0 +30) x 10-§/K; tan 6 < 21 x 10-4 at 1 MHz 
cia ee eT 


C16 
C17 


) 
TC = (-1700 +500) x 10-§/K; tan 5 = 50 x 10-* at 1 MHz 
TC = (0 +30) x 10-§/K; tan 5 <= 26 x 10-4 at 1 MHz 





Notes 


1. Recommended crystal: fxta_ = 78.325 MHz (crystal with 8 pF load), 3rd overtone, pullability >2.75 x 10-6/pF 
(change in frequency between series resonance and resonance with 8 pF capacitor at 25 °C), dynamic resistance 
R1 < 30Q, Af = +5 x 10 for Tamp = -10 to +55 °C with 25 °C reference, calibration plus aging tolerance: 
-5 x 10° to +15 x 10-6. 


2. This crystal recommendation is based on economic aspects and practical experience. Normally the spreads for R1, 
pullability and calibration do not show their worst case limits simultaneously in one crystal. In such a rare event, the 
tuning range will be reduced to an insufficient level. 
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Table 3 Tolerances of components shown in Fig.6 (note 1) 


6) 


inductances 
L2..43;L6, L7 = microstrip inductor 
L4, L5 ee typ = 100 at 930 MHz 

















8 Quyp = 65 at 310 MHz 


| L10, 11 }Qy=150at930MHz ssi 


Ri to R4 [2 PTC = © 2200) x 10-9; 
| Capacitors 

| Ct, C2, C7, C8, C9, C15 
C3, C6, C12 

| C4, C5, C14, C19 

C13 

















Note 
1. The external oscillator signai Vicogc) has a frequency of fogc = 310.1667 MHz. 
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PINNING re 

















SYMBOL | —s«dDESCRIPTION, | 


| for normal operation 
[4 [reve neti 
[eet pono chamet 
8 [pre-ampirier RFinput2 | 
2 


EAS 10 | | external emitter resistor for 
| pre- ErCl 


GND 

2 
Co 
715 [Fehannelmixerinput2 
716 [Fehannel mixer input! 
wa 


UAA2080H 


: 
@nb2 | 20 

21 | ter me resistor onmon ine 
RGYA 
a a 
24 |requeney mater part 


RMUL external emitter resistor for 
frequency multiplier 
27 | DC test point; no external 
connection for normal operation 
oscillator collector 
GND3 | ground 3 (0 V) 


jen oscillator base; crystal input 
oscillator emitter 


Fig.7 Pin configuration, TQFP32. 





<|<|> </</2/</<|< ee Sy 
O|O]}e ee ne oe O|O O}]f~>{= 
BZ Sle; /E/E| |3/8 3) 3° 
cho | zs 9 iat 

ee 
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PINNING (SO28) 


PIN | DESCRIPTION 
ile 1 | IF test point; | channel 
Tr 2 | IF test point; Q channel 





SYMBOL 






VI1RF Pa | pre-amplifier RF input 1 
VI2RF pre-amplifier RF input 2 


RRFA external emitter resistor for 
| pre-amplifier 


GND1 


VO2R 


; 


Ex 
a 
78 | pre-ampltier RF ouput? 
ve 8 
cn 
rs 
oie 
ne 


VOIR 


: 


P 
P 
pre-amplifier RF output 1 

Pp supply voltage 
VI2MI | channel mixer input 2 | 


VI1MI 11. | | channel mixer input 1 


(0 V) 
VIIMQ Q channel mixer input 1 
VI2MQ Q channel mixer input 2 
GND2 ground 2 (0 V) 

(0 V) 


UAA2080T | 


CO 


VO2MUL 


= 


VO1MUL 


RGYR 


COM 


T 20 | DC test point; no external connection | 
for normal operation 


O oscillator collector 
O 


RMUL | external emitter resistor for frequency | 
multiplier 


GND 


oscillator base; crystal input 


| 
Q 
3 
5 
2 
13 
M 1 
1 
1 
1 
C 
C 
B 3 
E 4 


S 

: 
normal operation 

[26 [battery LOW indicator output 


receiver enable input 


D 
O 
TS 


VO1MU 7 | frequency multiplier output 1 
VO2MU 8 | frequency multiplier output 2 
9 
| 





S 
| 


BL 


5 | gyrator filter resistor; common line 
RGYR | 16 gyrator filter resistor | 





RE Fig.8 Pin configuration; SO28. 
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS 


See Table 4 for bonding pad description and locations for x/y co-ordinates. 


UAA2080U 


4.74 mm 
MLC707 


Pad number 1 (diameter 124 um) 

Pad 124 um x 124 pm 

Pad not used 

Pad 100 pm x 100 pm 

Pad 100 um x 100 um with reference point 


Chip area: 18.15 mm2. 
Chip thickness: 380 +20 um. 
Drawing not to scale. 


Fig.9 Bonding pad locations. 





November 1994 184 


Philips Semiconductors Integrated Circuit Product specification 


Advanced pager receiver UAA2080T 


Table 4 Bonding pad centre locations (dimensions in um) 



















—___pesenprion x 

[pe ampifer WF input note? Jo fo 
extemal Smiter resistor for pre-anpifr [amo 
[bre ampifier RF ouput fo 
Vp 


! Oo 

[suppyvotageSSCS~<“~*~‘—*~*~*~S*S~S~S~SC*d 

| channel mixer input 1 4216 JO 

[Qchannetmixerinput? ———SSSC~<~*~‘~*~rNSCSC*«*d CO 
V) 


2 
3 
4 
5 
vA 
Ve 
11 
12 
13 
14 
15 
16 
17 
38 
20 
21 
22 
23 
24 
25 
26 
of 
28 


VI1MI 


VI1MQ 


VI2MQ 


La 
pa] 
; se 
zs 
poe 
poe 
ea 
om 
La 
[10 | 
rae 
12 | 
Eee 
GNo2 | 14 
com | 15 
ReYR | 16 | 
rae 

Lae 

| 20 | 

at 

| 22 | 

23 | 

| 24 | 

| 25 

I. | 26 | 
Lead 

| 28 | 

aac 






VO2MUL 
RMUL 
SENSE 


M 
frequency multiplier output 2 4176 3456 
external emitter resistor for frequency multiplier 3668 3458 

B 

E 


0 
battery LOW detector sense input 2952 3456 
S oscillator collector 2312 3456 
GND3 ground 3 (0 : 1832 3456 
oscillator base; crystal input 1328 3456 
oscillator emitter 4 
test switch; connection to ground for normal operation 
| 
E 


-32 


Note | 
1. Allx/y co-ordinates are referenced to the centre of pad 4 (VI2RF); see Fig.9. 


receiver enable input 32s 2152 
lower left corner of chip (typical values) 
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INTERNAL CIRCUITS 


2 UAA2080H 
6 


Fig.10 Internal circuits drawn for TQFP32. 
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FUNCTIONAL DESCRIPTION 


The complete circuit consists of the following functional 
blocks as shown in Figs 1 to 6. 


Radio frequency amplifier 


The RF amplifier is an emitter-coupled pair driving a 
balanced cascode stage, which drives an external 
balanced tuned circuit. Its bias current is set by an external 
300 © resistor R1 to typically 770 nA. With this bias 
current the optimum source resistance is 1.3 kQ at VHF 
and 1.0 kQ at UHF. At 930 MHz a higher bias current is 
required to achiéve optimum gain. A value of 120 Q is 
used for R1, which corresponds with a bias current of 
approximately 1.3 mA and an optimum source resistance 
of approximately 600 Q.The capacitors C1 and C2 
transform a 50 @ source resistance to this optimum value. 
The output drives a tuned circuit with capacitive divider 
(C7, C8 and C9) to provide maximum power transfer to the 
phase-splitting network and the mixers. 


Mixers 


The double balanced mixers consist of common base 
input stages and upper switching stages driven from the 
frequency multiplier. The 300 © input impedance of each 
mixer acts together with external components (C10, C11; 
L4, L5 respectively) as phase shifter/power splitter to 
provide a differential phase shift of 90 degrees between 
the | channel and the Q channel. At 930 MHz all external 


pnase shifter components are inductive (L10, L11; L4, L5). 


Oscillator 


The oscillator is based on a transistor in common collector 
configuration. It is followed by a cascode stage driving a 
tuned circuit which provides the signal for the frequency 
multiplier. The oscillator bias current (typically 250 vA) is 
determined by the 1.8 kQ external resistor R5. The 
oscillator frequency is controijled by an external 3rd 
overtone crystal in parallel resonance mode. External 
capacitors between base and emitter (C17) and from 
emitter to ground (C16) make the oscillator transistor 
appear as having a negative resistance for small signals; 
this causes the oscillator to start. Inductance L9 connected 
in parallel with capacitor C16 to the emitter of the oscillator 
transistor prevents oscillation at the fundamental 
frequency of the crystal. 
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The resonant circuit at output pin OSC selects the second 
harmonic of the oscillator frequency. In other applications 
a different multiplication factor may be chosen. 


At 930 MHz an external oscillator circuit is required to 
provide sufficient local oscillator signal for the frequency 
multiplier. 


Frequency multiplier 


The frequency multiplier is an emitter-coupled pair driving 
an external balanced tuned circuit. Its bias current is set by 
external resistor R4 to typically 190 vA (173 MHz), 350 vA 
(470 MHz) and 1 mA (930 MHz). The oscillator signal is 
internally AC coupled to one input of the emitter-coupled 
pair while the other input is internally grounded viaa_ 
capacitor. The frequency multiplier output signal between 
pins VOiMUL and VO2MUL drives the upper switching 
stages of the mixers. The bias voltage on pins VO1MUL 
and VO2MUL is set by external resistor R3 to allow 
sufficient voltage swing at the mixer outputs. The value of 
R3 depends on the operating frequency: 1.5 kQ 

(173 MHz), 820 @ (470 MHz) and 330 © (930 MHz). 


Low noise ampliflers, active filters and gyrator filters 


The low noise amplifiers ensure that the noise of the 
following stages does not affect the overall noise figure. 
The following active filters before the gyrator filters reduce 
the levels of large signals from adjacent channels. Internal 
AC couplings block DC offsets from the gyrator filter 
inputs. 


The gyrator filters implement the transfer function of a 7th 
order elliptic filter. Their cut-off frequencies are determined 
by the 47 kQ external resistor R2 between pins RGYR and 
COM. The gyrator filter output signals are available on IF 
test pins TPI and TPQ. 


Limiters 


The gyrator filter output signals are amplified in the limiter 


188 


amplifiers to obtain IF signals with removed amplitude 
information. 


Demodulator 


The limiter amplifier output signals are fed to the 
demodulator. The demodulator output DO is going LOW or 
HIGH depending upon which of the input signals has a 
phase lead. 
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Battery LOW indicator Band gap reference 


The battery LOW indicator senses the supply voltage and The whole chip can be powered-up and powered-down by 
sets its output HIGH when the supply voltage is less than enabling and disabling the band gap reference via the 
Vin (typically 2.05 V). Low battery warning is available at receiver enable pin RE. 

BL. 


LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 
Ground pins GND1, GND2 and GND3 connected together. 


SYMBOL PARAMETER | MIN. | MAX. | UNIT 
i. sao ros feo Jv 
storage temperature 


operating ambient temperature 
Ves 


electrostatic handling (note 1) 
| pins VI1RF and VI2RF 
pin RRFA 
pins VO1RF and VO2RF 
pins Vp and OSB 
pins OSC and OSE 
other pins 





Note 
1. Equivalent to discharging a 100 pF capacitor via a 1.5 kQ resistor. 
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DC CHARACTERISTICS 
Vp = 2.05 V; Tamp = —10 to +70 °C (typical values at Tamp = 25 °C); measurements taken in test circuit Fig.1, 2, 3 or 4 
with crystal at pin OSB disconnected; unless otherwise specified. 


fsvmpor[ parameter [ conomons [wm [rv | wax. | unit 
Supply 
fsuppyvotage TCS 


Vp . 19 [2 
supply current "| Vpe = HIGH; 3.2 
my light Sand a7O Mine ane: 
[29 [343.9 
ny Ea 















Vee= HIGH; ‘FAR = 930 MHz 


stand-by current | Vag = LOW 


Receiver enable input (pin RE) 


Vin [HIGH tevelinputvorage [SSCS 
Mu [LOW evel nputvorage [fo 
ly [HIGH tevel input curent_[Vn=Ve=38V_———«dt- 
Vi [LoWievelinputcuren [vy so 


Battery LOW indicator output (pin BLI) 


= [ve 
= [os 
= [e0 
a 
a eee eee 
Ft 
ce. 
= [os 

















LOW level output voltage Vp > Vin} nee = +10 WA 


voltage threshold for battery 
LOW indicator 


Demodulator output (pin DO) 


Vou | 





> 
fe) 
x= 
< 
3 
= 
On 


NO 
oh, 
oO 


HIGH level output voltage Ibo = -10 vA 
LOW level output voltage Ipo = +10 WA 
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AC CHARACTERISTICS (173 MHz) get 
Vp = 2.05 V; Tamb = 25 °C; test circuit Fig.1 or 2; fuar = 172.941 MHz with +4.0 kHz deviation; 1200 baud pseudo 
random bit sequence modulation (t, = 250 +25 us measured between 10% and 90% of voltage amplitude) and 20 kHz 
channel spacing; unless otherwise specified. 


‘symeo. Parameter | _conomons | win | Tv | wax | unit 
Rasowequeneympe 


Radio frequency input 


input sensitivity (Piqep is thé BER <%o9;note1 — ee -~126.5 | -123.5 dBm | 






maximum available power at [T..=-10to+70°C;note2[- |[- —'|-120.5 dBm _ 


Mixers to demodulator | 7 


adjacent channel selectivity Tamb = 25 °C 


[aq | Ffterohannelimbalancs 
[ac [co-channel ejecton is 
[cap [spurious immunity i 
[aim [intermodulation immunity [| 


the RF input of the test board) 


Vp =1.9V 








~ 
NO 


2 
7 









50 
59 
78 85 


blocking immunity Af > +1 MHz; note 3 
frequency offset range deviation f = +4.0 kHz 
(3 dB degradation in sensitivity) | geviation f = +4.5 kHz 
deviation range | 
(3 dB degradation in sensitivity) 
| receiver turn-on time data valid after setting RE input 
HIGH; note 4 | 
Notes ° 


1. The bit error rate BER is measured using the test facility shown in Fig.13. Note that the BER test facility contains a 
digital input filter equivalent to the one used in the PCA5000A, PCF5001 and PCD5003 POCSAG decoders. 


Capacitor C16 requires re-adjustment to compensate temperature drift. 
3. Af is the frequency offset between the required signal and the interfering signal. 


Turn-on time is defined as the time from pin RE going HIGH to the reception of valid data on output pin DO. Turn-on 
time is measured using an external oscillator (turn-on time using the internal oscillator is dependent upon the 
oscillator circuitry). 


7. 









kHz 
kHz 
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AC CHARACTERISTICS (470 MHz) 

Vp = 2.05 V; Tamb = 25 °C; test circuit Fig.3 or 4; fiRp = 469.950 MHz with +4.0 kHz deviation; 1200 baud pseudo 
random bit sequence modulation (t, = 250 + 25 us measured between 10% and 90% of voltage amplitude) and 20 kHz 
channel spacing; unless otherwise specified. 


fsrweor| paramere | _cOnomrions | WN | TW | wax | UwiT_ 


Radio frequency input 

BER=%oonotet «(=~ 124.8 |-121.8 [dBm _| 
DORE Peer Neto ee es eB | 
[Mixerinputy 


Mixers to demodulator 



















input sensitivity (Piven is the 



















Tamh = 25 °C 


| adjacent channel selectivity 
| | 
IF filter channel imbalance | 






im intermodulation immunity | 
Jon blocking immunity Af > +1 MHz; note 4 ie - <i 


fotiset - frequency offset range deviation f = +4.0 kHz 
3 dB degradation in sensitivity) | geviation f = +4.5 kHz 


( ) 
| Afgey | deviation range 2.5 | 7.0 kHz 
(3 dB degradation in sensitivity) 





| receiver turn-on time data valid after setting RE input 
! | HIGH; note 5 


Notes 
1. The bit error rate BER is measured using the test facility shown in Fig.13. Note that the BER test facility contains a 
digital input filter equivalent to the one used in the PCAS5000A, PCF5001 and PCD5003 POCSAG decoders. 


2. Capacitor C16 requires re-adjustment to compensate temperature drift. 


3. Test circuit Fig.5. Pimig is the maximum available power at the input of the test board. The bit error rate BER is 
measured using the test facility shown in Fig.13. 





4. Af is the frequency offset between the required signal and the interfering signal. 


5. Turn-on time is defined as the time from pin RE going HIGH to the reception of valid data on output pin DO. Turn-on 
time is measured using an external oscillator (turn-on time using the internal oscillator is dependent upon the 
oscillator circuitry). 
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AC CHARACTERISTICS (930 MHz) 

Vp = 2.05 V; Tamp = 25 °C; test circuit Fig.6 (note 1); figar) = 930.500 MHz with +4.0 kHz deviation; 1200 baud pseudo 
random bit sequence modulation (t, = 250 + 25 us measured between 10% and 90% of voltage amplitude) and 20 kHz 
channel spacing; unless otherwise specified. 


SYMBOL| = PARAMETER | CONDITIONS —s|_mIN. | TYP. | MAX. | UNIT 
| Radio frequency input 
BER <%oo; note 2 —|-  [-120.0 


a 
















input sensitivity (Picen is the 
| maximum available power at 
the RF input of the test board) 















| Mixers to demodulator 






le Spurious immunity 
lee 8 intermodulation immunity _ 


ton 


Notes 












frequency offset range 
(3 dB degradation in Sey 












deviation range 
(3 dB degradation in sensitivity) | 


1. The external oscillator signal Viogc) has a frequency of fogc = 310.1667 MHz and a level of -15 dBm. 


2. The bit error rate BER is measured using the test facility shown in Fig.13. Note.that the BER test facility contains a 
digital input filter equivalent to the one used in the PCA5000A, PCF5001 and PCD5003 POCSAG decoders. 


Af is the frequency offset between the required signal and the interfering signal. 


4. Turn-on time is defined as the time from pin RE going HIGH to the reception of valid data on output pin DO. Turn-on 
time is measured using an external oscillator (turn-on time using the internal oscillator is dependent upon the 
oscillator circuitry). 
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TEST INFORMATION 
Tuning procedure for AC tests 


1. Turn on the signal generator: fgen = far) + 4 KHz, no modulation, Vigry = 1 MV (RMS). 


2. Measure the IF with a counter connected to test pin TPI. Tune C16 to set the crystal oscillator to achieve f,- = 4 kHz 
Change the generator frequency to fyen = far) — 4 KHZ and check that fir is also 4 kHz. For a received input 
frequency fi(Rry = 172.941 MHz the crystal frequency is fxta_ = 57.647 MHz, while for fiaarp, = 469.950 MHz the 
crystal frequency is fyta, = 78.325 MHz. For a received input frequency fir = 930.500 MHz an external oscillator 
signal must be used with fiogc) = 310.1667 MHz and a level of -15 dBm (for definition of crystal frequency, see 
Table 1). 


3. Set the signal generator to nominal frequency (f\(aF)) and turn on the modulation deviation +4.0 kHz, 600 Hz square 
wave modulation, Vif) = 1 mV (RMS). Note that the RF signal should be reduced in the following tests, as the 
receiver is tuned, to ensure VoiiF) = 10 to 50 mV (p-p) on test pins TPI or TPQ. 


4. Tune C15 (oscillator output circuit) and C12 (frequency multiplier output) to obtain a peak audio voltage on pin TPL. 


5. Tune C3 and Cé (RF input and mixer input) to obtain a peak audio voltage on pin TPI. When testing the mixer input 
sensitivity tune C23 instead of C3 and C6 (test circuit Fig.5). 


6. Check that the output signal on pin TPQ is within 3 dB in amplitude and at 90° (+20°) relative phase of the signal on 
pin TPI. 

7. Check that data signal appears on output pin DO and proceed with the AC test. 

AC test conditions 


Table 5 Definitions for AC test conditions (see Table 6) 


SIGNAL DESCRIPTION 


Modulated test signal 1 
Frequency | 172.941, 469.950 or 930.500 MHz | | 


250 +25 us (between 10% and 90% of final value) 





Modulated test signal 2 
Deviation +2.4 KHz 
Modulation | 400 Hz sine wave 


Other definitions 


| 
P 
Po maximum available power from signal generator 2 at the test board input 

| maximum available power at the test board input to give a Bit Error Rate (BER) s %00 for the modulated | 


| test signal 1, in the absence of interfering signals and under the conditions as specified in Chapters 
“AC characieristics (173 MHz)”, “AC characteristics (470 MHz)” and “AC characteristics (930 MHz)” 


f 
f 
f 
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Table 6 AC test conditions (notes 1 and 2) 






















SYMBOL | PARAMETER 
adjacent channel selectivity; 
| Fig. 12(b) 


CONDITIONS. 


| fo = fy + Afos 
generator 1: modulated test signal 1 


| | co-channel 1 rejection: Fig. 12(b) 


Te 


| fo = fy + up to 3 KHz 

generator 1: modulated test signal 1 
generator 2: modulated test signal 2 
|f=100kHzto2GHz - 
generator 1: modulated test signal 1 
generator 2: modulated test signal 2 
fp = th # Alcs fg = fy # 2Mfos 
generator 1: modulated test signal 1 


generator 2: unmodulated 








| spurious immunity; Fig.12(b) 


intermodulation immunity; 
Fig.12(c) 








fo = fy + 1 MHz 
generator 1: modulated test signal 1 
generator 2: modulated test signal 2 





frequency offset range; 
Fig.12(a) 


generator 1: modulated test signal 1 


generator 1: modulated test signal 1 
| receiver turn-on time; | note 3 





Notes 


1. The tests are executed without load on pins TP] and TPQ. 


generator 2: modulated test signal 2 


generator 3: modulated test signal 2 


a = ee 


deviation = = +4.0 KHz, f; = fir + 2 kHz (fottectimin)) 


deviation = +2.5 to +7 kHz; (Afgevimin) to Micanan) 


| Fig. 12(a) generator 1: modulated test signal t 


Product specification 


UAA2080T 


| TESTSIGNALS | 


}P1 = Pigey + 3 0B 


Pa a Py + Qa(min) 


P, = Picef +3 dB 


| =P, - Oc(max) _ 


Ps = Picefy +3 dB 
Po = Py + Osp( min) | 


P, = Picery +3 dB 
| Po = Py + Gimmin) 


P; = Pigey +3 0B 
Pa = P4 + Obi(min) 


[Pa = Picefy +3 dB 





P, = Piren +10dB 


2. Ail minimum and maximum values correspond to a bit error rate (BER) < %99 in the wanted signal (P4). 
3. The BER measurement is started 5 mS (ton¢™maxy) after Vag goes HIGH; BER is then measured for 100 bits 


(BER <q). 
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BER TEST 
FACILITY 
(Fig. 13) 


GENERATOR 1 DEVICE 
Rsg=50 UNDER TEST 


: POWER SRDERREST FACILITY 
Rs=50 2 COMBINER (Fig. 13) 


GENERATOR 2 


GENERATOR 1 
Rsg=50 2 


GENERATOR 2 50 23-SIGNAL SEVICE BER TEST 


POWER FACILITY 
eae COMBINER pelea (Fig. 13) 


MLC708 


GENERATOR 3 
Rs= 50 Q 


(a) One generator. 
(b) Two generators. 
(c) Three generators. 


Fig.12 Test configurations. 


recovered clock 


DEVICE DIGITAL CLOCK 
UNDER TEST FILTER RECOVERY 


PRESET DATA 
DELAY COMPARATOR 


PSEUDO 
250 us RANDOM 
RISE TIME SEQUENCE 

GENERATOR 


Fig.13 BER test facility. 
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PRINTED-CIRCUIT BOARDS 


MBD562 


Fig.14 PCB top view for TQFP32; test circuit Figs 1 and 3. 
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1 and 3 


ircuit Figs 


test c 


N 
90) 
oO 
LL 
C 
- 
Ss 
2 
® 


.15 PCB bottom v 


Ig 


F 
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MLC709 


Vee = GND; Ve = Vp. 


Fig.16 PCB top view with components for TQFP32; test circuit Fig.3. 
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MLCO235 


Fig.17 PCB bottom view with components for TQFP32; test circuit Fig.3. 
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MBD565 


Fig.18 PCB top view for SO28; test circuit Figs 2 and 4. 
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MBD567 


Fig.19 PCB bottom view for SO28; test circuit Figs 2 and 4. 
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MBD566 


Ver = GND; Voc = Vp; BI = BLI; OPS = TS. 


Fig.20 PCB top view with components for SO28; test circuit Fig.4. 
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MBD568 


Fig.21 PCB bottom view with components for SO28; test circuit Fig.4. 
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MLCO716 


Fig.22 PCB top view with components for TQFP32; test circuit Fig.5. 
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MLC237 


Fig.23 PCB bottom view with components for TQFP32; test circuit Fig.5. 
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: ia ” MLO714 


Vi(RF) 





Fig.24 PCB top view with components for TQFP32; test circuit Fig.6. 
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Fig.25 PCB bottom view with components for TQFP32; test circuit Fig.6. 
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FEATURES GENERAL DESCRIPTION 


Wide frequency range: VHF, UHF and 900 MHz bands The UAA2082 is a high-performance low-power radio 
High sensitivity receiver circuit primarily intended for VHF, UHF and 
900 MHz pager receivers for wide area digital paging 
systems, employing direct FM non-return-to-zero (NRZ) 
Electronically adjustable filters on chip frequency shift keying (FSK). 


Suitable for data rates up to 2400 bits/s 


¢ High dynamic range 


The receiver design is based on the direct conversion 

e Wide frequency offset and deviation range principle where the input signal is mixed directly down to 
Fully POCSAG compatible FSK receiver the baseband by a local oscillator on the signal frequency. 
Two complete signal paths with signals of 90° phase 
difference are required to demodulate the signal. All 

¢ Low supply voltage; low power consumption channel selectivity is provided by the built-in IF filters. The 
1-cell battery-low detection circuit circuit makes extensive use of on-chip capacitors to 
minimize the number of external components. 


Power on/off mode selectable by the chip enable input 


High integration level 


¢ Interfaces directly to the PCA5000A, PCF5001 and The battery monitoring circuit has an external sense input 
PCD5003 POCSAG decoders. and a 1.1 V detection threshold for easy operation in a 
single-cell supply concept. 
APPLICATIONS The UAA2082 was designed to operate together with the 
. . PCA5000A, PCF5001 or PCD5003 POCSAG decoders, 

¢ Wide area paging which contain a digital input filter for optimum call success 
¢ On-site paging rate. 

¢ Telemetry 


¢« RF security systems 
¢ Low bit-rate wireless data links. 


ORDERING INFORMATION 


PACKAGE 


TYPE NUMBER | 
| NAME | DESCRIPTION VERSION 
UAA2082H TQFP32 | plastic thin quad flat package; 32 leads; body 7 x 7 x 1.4mm | SOT358-2 
UAA2082U 28 pads _| naked die; see Fig.8 
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QUICK REFERENCE DATA 


9 [205 | 
lp [supply current a |27 3 


ire RF input sensitivity j BER <%o9; #4 kHz deviation: 
data rate 1200 bits/s; Tamp = 25 °C 


fi(RF) = 173 MHz 
fiiRR) = 470 MHz 
fi(RF) = 930 MHz 


imix) mixer input sensitivity BER soo; far) = 470 MHz; 
+4 kHz deviation; 
data rate 1200 bits/s; Tamp = 25 °C 


Vih detection threshold for battery Tanb= eo GC 
LOW indicator Tamb = —10 t0 +70 °C V 


ae 
Ee oe 


P. 
P. 
t 
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BLOCK DIAGRAMS (173 MHz) 
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Table 1 Tolerances of components shown in Figs 1 and 2 (notes 1 and 2) 


° 


: 
L Qmin = 30 at 173 MHz; TC = (+25 to +125) x 10-/K 

L9 Qmin = 30 at 57 MHz; TC = (+25 to +125) x 10-8/K 

Resistors 


Capacitors 
C1, C2, C7, C8, C9, C15 TC = (0 +30) x 10-6/K; tan 6 < 30 x 10-4 at 1 MHz 


C3, C6, C12 | = | TC = (-750 £800) x 10-8/K; tan 8 < 50 x 10-4 at 1 MHz 
5 






































C4, C5, C14, C18, C19, C20 TC = (0 +80) x 10-®/K; tan 6 < 10 x 10-4 at 1 MHz 
C10, C11 * | TC = (0 #30) x 10-/K; tan 8 < 21 x 10-4 at 1 MHz 
C13 [at 

C16 } = TE = (-1700 #500) x 10-6/K; tan d < 50 x 10-4 at 1 MHz 
C17 TC = (0 #30) x 10-6/K; tan 6 < 26 x 10-4 at 1 MHz 


Notes 


1. Recommended crystal: fyya, = 57.647 MHz (crystal with 8 pF load), 3rd overtone, pullability >2.75 x 10-6/pF 
(change in frequency between series resonance and resonance with 8 pF series capacitor at 25 °C), dynamic 
resistance R1 < 40 Q, Af = +5 x 10-6 for Tamp = -10 to +55 °C with 25 °C reference, calibration plus aging tolerance: 
—5 x 10° to +15 x 10-8. 


2. This crystal recommendation is based on economic aspects and practical experience. Normally the spreads for R1, 
pullability and calibration do not show their worst case limits simultaneously in one crystal. In such a rare event, the 
tuning range will be reduced to an insufficient level. 







November 1994 213 


Product specification 


Philips Semiconductors RF Communications Products 


UAA2082 


Advanced pager receiver 


BLOCK AND TEST DIAGRAMS (470 MHz) 
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Table 2 Tolerances of components shown in Figs 3, 4 and 5 (notes 1 and 2) 


COMPONENT aera | REMARK 
; | 


L1, L10 Qmin = 145 at 470 MHz 
L2, L3, L6, L7 | 20 | Qin = 50 at 470 MHz; TC = (+25 to +125) x 10-8/K 


L4, L5 Qmin = 40 at 470 MHz; TC = (+25 to +125) x 10-6/K | 
| 
a 






Qmin = 30 at 156 MHz; TC = (+25 to +125) x 10-®/K 
min = 40 at 78 MHz; TC = (+25 to +125) x 10-§/K 









Resistors -- | 












| Capacitors 


£5 TC = (0 +30) x 10-®/K; tan 8 < 30 x 10-4 at 1 MHz 
C3, C6, C12, C23 | = «TC = (-750 #300) x 10°8/K; tan 8 < 50 x 10-4 at 1 MHz 
TC = (0 +30) x 10-/K; tan 8 = 10 x 10-4 at 1 MHz 
TC = (0 +30) x 10-8/K: tan 8 s 21 x 10-4 at 1 MHz 
———— ee 


= (-1700 +500) x 10-®/K; tan 6 = 50 x 107+ at 1 MHz 


TC 
C17 TC = (0 +30) x 10-8/K; tan 6 < 26 x 10-4 at 1 MHz 


Notes 






1. Recommended crystal: fyta_ = 78.325 MHz (crystal with 8 pF load), 3rd overtone, pullability >2.75 x 10-§/pF 
(change in frequency between series resonance and resonance with 8 pF capacitor at 25 °C), dynamic resistance 
R1 < 30 Q, Af = +5 x 10° for Tam = -10 to +55 °C with 25 °C reference, calibration plus aging tolerance: 
-5 x 10°§ to +15 x 10°, 


This crystal recommendation is based on economic aspects and practical experience. Normally the spreads for R1, 
pullability and calibration do not show their worst case limits simultaneously in one crystal. In such a rare event, the 
tuning range will be reduced to an insufficient level. 


Nh 
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BLOCK AND TEST DIAGRAM (930 MHz) 
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Table 3 Tolerances of components shown in Fig.6 (note 1) 
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COMPONENT Oa REMARK 
Inductances 
Fete nee el #10 | Quyp = 150 at 930 MHz 
- | microstrip inductor 
45 88 | yp = 100 at 90 MHZ _ 
ra #10 Quyp = 65 at 310 MHz 
L10, L11 +10 Quyp = 150 at 930 MHz 
Resistors = 
| Ri to R4 “42 | TC = (0 +200) x 10-8/K: 
| Capacitors | : 
Ci, C2,C7, C8, C9, C15 +5 | TC = (0 +30) x 10-8/K: tand = 30 x 10-4 at 1 MHz 
C3,C6,C12 | = TC = (0 #200) x 10°6/K; tan 8 < 30 x 10-4 at 1 MHz 
CAC Cid.C19 | +10 TC = (0 +30) x 10-8/K; tan 6 < 10 x 10-4 at 1 MHz 
C13 - +20 — - | 
Note 


1. The external oscillator signal Viiagc) has a frequency of fogc = 310.1667 MHz. 
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PINNING (TQFP32) 


SYMBOL | PIN” 


ee 





DESCRIPTION 


test switch; connection to ground 
for normal operation 


Ts [ata oupat 
4 [receiver enabie put 
5 [IF test point; channel 
6 [IFtest point; @ channel 
[preamplifier RF input? 
Ea 

ik 










TS 
BLI 
RE 
TPI 
TPQ 

P 

O 
SC 





np] — 
|| 20 
Ty) 7 


not connected 


external emitter resistor for 
pre-amplifier | 


ae 
>) 


RRFA 





GND1 


pre-amplifier RF output 2 
pre-amplifier RF output 1 


<|/< 
a 
=a 
| D 
1/7 


V 


2 
ea 
4 [supplyvotage 


< 
No 
= 


| 16 | | channel mixer input 1 


< 
= 


=) 
oO 


11 | ground 1 (0 V) 


5 

18 [Qchannel mxerinputt 
COM 
RGYR 
[23 [notconnected 
[24 [frequency mutiplier output) 
RMUL external emitter resistor for 

frequency multiplier 

GNDS 
0 


SB 
OSE oscillator emitter 


</s 
N | — 
=|/=< 
Ole?) 


=) 
?) 


2 
3 
4 
5 
12 
13 
14 
2 
23 
24 
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UAA2082H 


Fig.7 Pin configuration; TQFP32. 


Philips Semiconductors RF Communications Products Product specification 


Advanced pager receiver UAA2082 


CHIP DIMENSIONS AND BONDING PAD LOCATIONS 


See Table 4 for bonding pad description and locations for x/y co-ordinates. 


ne UAA2082U 


mm 





MLC229 


© Pad number 1 (diameter 124 pm) 

[] Pad 124 um x 124 um 

&] Pad not used 

Pad 100 pm x 100 pm 

psx Pad 100 wm x 100 pm with reference point 


Chip area: 18.15 mm2. 
Chip thickness: 380 +20 pm. 
Drawing not to scale. 


Fig.8 Bonding pad locations. 
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Table 4 Bonding pad centre locations (dimensions in um) 


SCRIPTION, | x 
[re-amplifer RF input2note? ——S~S~S~S 
EN 

[ [688 

i [2202 


muh, 
se?) 
© 
© 


pre-amplifier RF output 2 
pre-amplifier RF output 1 2232 
supply voltage 


72 

| channel mixer input 2 7 0 Re 
| channel mixer input 1 | 4216 
216 
216 
2 


Q channel mixer input 1 


13 | Qchannel mixer input 2 | 4216 
14. | ground2(0V) 4216 | 1360 


3 
4 360 
4 

g 

frequency multiplier output 2 3456 


receiver enable input 2152 
lower left corner of chip (typical values) 
Note 


1. Allx/y co-ordinates are referenced to the centre of pad 4 (VI2RF); see Fig.8. 
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INTERNAL CIRCUITS 


UAA2082H 


5 


Fig.9 Internal circuits drawn for TQFP32. 
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a 
& 
a 
= 


Fig.10 Internal circuits drawn for naked die. 





November 1994 224 


Philips Semiconductors RF Communications Products 


Advanced pager receiver 


FUNCTIONAL DESCRIPTION 


The complete circuit consists of the following functional 
blocks as shown in Figs 1 to 6. 


Radio frequency amplifler 


The RF amplifier is an emitter-coupled pair driving a 
balanced cascode stage, which drives.an external 
balanced tuned circuit. Its bias current is set by an external 
300 Q resistor R1 to typically 770 vA. With this bias 
current the optimum source resistance is 1.3 kQ at VHF 
and 1.0 kQ at UHF. At 930 MHz a higher bias current is 
required to achieve optimum gain. A value of 120 Q is 
used for R1, which corresponds with a bias current of 
approximately 1.3 mA and an optimum source resistance 
of approximately 600 ©.The capacitors C1 and C2 
transform a 50 Q source resistance to this optimum value. 
The output drives a tuned circuit with capacitive divider 
(C7, C8 and C9) to provide maximum power transfer to the 
phase-splitting network and the mixers. 


Mixers 


The double balanced mixers consist of common base 
input stages and upper switching stages driven from the 
frequency multiplier. The 300 input impedance of each 
mixer acts together with external components (C10, C11; 
L4, L5 respectively) as phase shifter/power splitter to 
provide a differential phase shift of 90 degrees between 
the | channel and the Q channel. At 930 MHz all external 


phase shifter components are inductive (L10, L11; L4, L5). 


Oscillator 


The oscillator is based on a transistor in common collector 
configuration. It is followed by a cascode stage driving a 
tuned circuit which provides the signal for the frequency 
multiplier. The oscillator transistor requires an external 
bias voltage Vpiasiosc) (1.22 V typ.). The oscillator bias 
current (typically 250 uA) is determined by the 1.5 kQ 
external resistor R5. The oscillator frequency is controlled 
by an external 3rd overtone crystal in parallel resonance 
mode. External capacitors between base and emitter 
(C17) and from emitter to ground (C16) make the oscillator 
transistor appear as having a negative resistance for small 
signals; this causes the oscillator to start. Inductance L9 
connected in parallel with capacitor C16 to the emitter of 
the oscillator transistor prevents oscillation at the 
fundamental frequency of the crystal. 
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The resonant circuit at output pin OSC selects the second 
harmonic of the oscillator frequency. In other applications 
a different multiplication factor may be chosen. 


At 930 MHz an external oscillator circuit is required to 
provide sufficient local oscillator signal for the frequency 
multiplier. 


Frequency multiplier 


The frequency multiplier is an emitter-coupled pair driving 
an external balanced tuned circuit. Its bias current is set by 
external resistor R4 to typically 190 wA (173 MHz), 350 pA 
(470 MHz) and 1 mA (930 MHz). The oscillator signal is 
internally AC coupled to one input of the emitter-coupled 
pair while the other input is internally grounded via a 
capacitor. The frequency multiplier output signal between 
pins VO1MUL and VO2MUL drives the upper switching 
stages of the mixers. The bias voltage on pins VO1MUL 
and VO2MUL is set by external resistor R3 to allow 
sufficient voltage swing at the mixer outputs. The value of 
R3 depends on the operating frequency: 1.5 kQ 

(173 MHz), 820 Q (470 MHz) and 330 Q (930 MHz). 


Low noise ampliflers, active filters and gyrator filters 


The low noise amplifiers ensure that the noise of the 
following stages does not affect the overall noise figure. 
The following active filters before the gyrator filters reduce 
the levels of large signals from adjacent channels. Internal 
AC couplings block DC offsets from the gyrator filter 
inputs. 


The gyrator filters implement the transfer function of a 7th 
order elliptic filter. Their cut-off frequencies are determined 
by the 47 kQ external resistor R2 between pins RGYR and 
COM. The gyrator filter output signals are available on IF 
test pins TP] and TPQ. 


Limiters 


The gyrator filter output signals are amplified in the limiter 
amplifiers to obtain IF signals with removed amplitude 
information. 


Demodulator 


The limiter amplifier output signals are fed to the 
demodulator. The demodulator output DO is going LOW or 
HIGH depending upon which of the input signals has a 
phase lead. 
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Battery LOW indicator Band gap reference 


The battery OW indicator senses the supply voltage and The whole chip except the oscillator section can be 

sets its output HIGH when the voltage at input SENSE is powered-up and powered-down by enabling and disabling 
less than Vip, (typically 1.10 V). Low battery warning is the band gap reference via the receiver enable pin RE. 
available at BLI. 


LIMITING VALUES “ 


In accordance with the Absolute Maximum Rating System (IEC 134). 
Ground pins GND1, GND2 and GND3 connected together. 


SYMBOL ~ : PARAMETER 
supply voltage 


operating ambient temperature 





Ves electrostatic handling (note 1) 
| pins VITRF and VI2RF 
| pin RRFA 
pins VO1RF and VO2RF 
| pins Vp and OSB 
pins OSC and OSE 
| other pins 


Note 
1. Equivalent to discharging a 100 pF capacitor via a 1.5 kQ resistor. 


November 1994 226 


Philips Semiconductors RF Communications Products Product specification 


Advanced pager receiver | UAA2082 


DC CHARACTERISTICS 
Vp = 2.05 V; Tamb = —10 to +70 °C (typical values at Tamp = 25 °C); measurements taken in test circuit Fig.1, 2, 3 or 4 
with crystal at pin OSB disconnected; unless otherwise specified. 


| SYMBOL | PARAMETER CONDITIONS | MIN. | TYP. | MAX. | UNIT 


Supply 













supply voltage 
supply current 


ae 





Veg = HIGH; 
fi(RF) = 173 and 470 MHz 


a 


IProtn stand-by current Var = LOW eo 
Vbias(osc) | OScillator bias voltage 1.20 1.22 


NO 
ee) 
ho 
~] 
ed 
ND 
3 
> 


Per ua“ Ei 


Receiver enable input (pin RE) 


[HIGH levetinputvotage [SSS Sd 

[LOW ievelinputvottage | ——SS~=~S~—O «d= Cid 
[HIGH levelinput curent[Vg=Ve=S5V «d= 

[LOW level nputourent —[Vu=0VSSS=«d 


Battery LOW indicator output (pin BLI) 


HIGH level output voltage Vsense < Vin; Ipu = -10 uA Vp-05]- |[- | 
LOW level output voltage |Vsense>Vnileu=+10HA  |[-  |- fos | 
th voltage threshold for battery | Vp = 2.05 V; Tamp = 25 °C 


| LOW indicator Vp = 2.05 to 3.5 V: 1.03 1.10 1.17 


Demodulator output (pin DO) ae 


HIGH level output voltage | Ipo = —10 wA Me=osl=—__| 
LOW level output voltage Ipo = +10 vA aa |e 


ViH 
Vit 
Ny 

ViL 





Vou 
VoL 


< 


© 
oO 
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AC CHARACTERISTICS (173 MHz) 

Vp = 2.05 V; Tamb = 25 °C; test circuit Fig.1 or 2; fan = 172.941 MHz with +4.0 kHz deviation; 1200 baud pseudo 
random bit sequence modulation (t, = 250 +25 us measured between 10% and 90% of voltage amplitude) and 20 kHz 
channel spacing; unless otherwise specified. 


fsymec.] __paraweren [ _conomiows [| wm | TP | wax | ONT 
Resiowequencyint 


Radio frequency input 


Pigen input sensitivity (Pigep is the BER < %oo; note 1 f- | 126.5 |-123.5 | dBm | 
maximum available power at [T__. — 10 to +70 °C: note 2 ee eee ~120.5 










the RF input of the test board) 









Mixers to demodulator 


adjacent channel selectivity Tanke Co 69 72 
Tamb = —10 to +70 °C 6 


~ oo 
[aq [Fer channetimbatancs [| SC*d 
[tc _[eo-ohannelejeaton [| —SSSCS~w 
[aap [spurious immunity ——*(|—SCSCS~S~S~«~ 
en 78 








ae 

oer 

2 

aa 

i ed 
aa 
a 

el 





deviation f = +4.0 kHz 
deviation f = +4.5 kHz 
deviation range 


Afgev 2.5 7.0 
(3 dB degradation in sensitivity) 

receiver turn-on time _| data valid after setting RE input 
HIGH; note 4 


Notes 


1. The bit error rate BER is measured using the test facility shown in Fig.12. Note that the BER test facility contains a 
digital input filter equivalent to the one used in the PCA5000A, PCF5001 and PCD5003 POCSAG decoders. 


2. Capacitor C16 requires re-adjustment to compensate temperature drift. 
3. Af is the frequency offset between the required signal and the interfering signal. 


Turn-on time is defined as the time from pin RE going HIGH to the reception of valid data on output pin DO. Turn-on 
time is measured using an external oscillator (turn-on time using the internal oscillator is dependent upon the 
oscillator Circuitry). 


frequency offset range 
(3 dB degradation in sensitivity) 
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AC CHARACTERISTICS (470 MHz) 
Vp = 2.05 V; Tamb = 25 °C; test circuit Fig.3 or 4; far) = 469.950 MHz with +4.0 kHz deviation; 1200 baud pseudo 
random bit sequence modulation (t, = 250 + 25 us measured between 10% and 90% of voltage amplitude) and 20 kHz 


channel spacing; unless otherwise specified. 
| SYMBOL | PARAMETER CONDITIONS | min. | Typ. | MAX. | UNIT 


| Radio frequency input 











Pitrefy input sensitivity (Pie is the BER so; note 1 \— ss | 124.5 | 121.5 dBm | 
maximum available power at [T,,,=-10to+70°C;note2 |[-  |[- — |-1185 |4Bm 
| the RF input of the test board) | = = , 
| Mixer input 


Pimmi__| input sensitivity BER < %oo; note 3 [- —-[ -115.0 |-110.0 |dBm 


| Mixers to demodulator 






blocking immunity 
frequency offset range 
| (3 dB degradation in sensitivity) | | 
deviation range : | 2:5 7.0 kHz 
3 dB degradation in sensitivity) : | 


Afdev 


| ( 

( aS | 

| ton | receiver turn-on time | data valid after setting RE input | 

HIGH: note 5 | 


The bit error rate BER is measured using the test facility shown in Fig.12. Note that the BER test facility contains a 
digital input filter equivalent to the one used in the PCA5000A, PCF5001 and PCD5003 POCSAG decoders. 


Capacitor C16 requires re-adjustment to compensate temperature drift. 


f 


- 2 
, 2] 
= 
© 
a 


wo Nh 


Test Circuit Fig.5. Pigixy is the maximum available power at the input of the test board. The bit error rate BER is 
measured using the test facility shown in Fig.12. 


Af is the frequency offset between the required signal and the interfering signal. 


oO 


Turn-on time is defined as the time from pin RE going HIGH to the reception of valid data on output pin DO. Turn-on 
time is measured using an external oscillator (turn-on time using the internal oscillator is dependent upon the 
oscillator circuitry). 


November 1994 229 


Philips Semiconductors RF Communications Products Product specification 


Advanced pager receiver UAA2082 


AC CHARACTERISTICS (930 MHz) 

Vp = 2.05 V; Tamb = 25 °C; test circuit Fig.6 (note 1); fiir, = 930.500 MHz with +4.0 kHz deviation; 1200 baud pseudo 
random bit sequence modulation (t, = 250 + 25 us measured between 10% and 90% of voltage amplitude) and 20 kHz 
channel spacing; unless otherwise specified. 


[symeo.] _Panaweten | _cowomions ‘| wim | We | wax | unit 
Redotequeneynout 


Radio frequency input 


input sensitivity (Pigeon isthe | BER = %oo; note 2 [120.0 [-114.0 [qBm | 


maximum available power at Vp=1.9V 
the RF input of the test board) 


Mixers to demodulator 
adjacent channel selectivity | 
1 ay aa aD 
[spurious immunity «| SSSCSC~C~S~A 
[intermodulation immunity | 
JAf>+1MHz;noteS 


5 
74 


blocking immunity Af > +1 MHz; note 3 7a. | 
frequency offset range deviation f = +4.0 kHz f= | 
(3 dB degradation in sensitivity) | gaviation f = +4.5 kHz | ie il 


receiver turn-on time 


| ) 
deviation range 
(3 dB degradation in sensitivity) 


data valid after setting RE input 
HIGH; note 4 





Notes 
1. The external oscillator signal Viogc) has a frequency of fogo = 310.1667 MHz and a level of -15 dBm. 


2. The bit error rate BER is measured using the test facility shown in Fig.12. Note that the BER test facility contains a 
digital input filter equivalent to the one used in the PCA5000A, PCF5001 and PCD5003 POCSAG decoders. 


Af is the frequency offset between the required signal and the interfering signal. 


Turn-on time is defined as the time from pin RE going HIGH to the reception of valid data on output pin DO. Turn-on 
time is measured using an external oscillator (turn-on time using the internal oscillator is dependent upon the 
oscillator circuitry). 
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TEST INFORMATION 


Tuning procedure for AC tests 


7. 


Turn on the signal generator: fyen = fap) + 4 KHZ, no modulation, Viggr) = 1 MV (RMS). 


Measure the IF with a counter connected to test pin TPI. Tune C16 to set the crystal oscillator to achieve fiz = 4 KHz 
Change the generator frequency to fgen = fiaar) ~ 4 KHz and check that fip is also 4 KHz. For a received input 
frequency fir) = 172.941 MHz the crystal frequency is fyta, = 57.647 MHz, while for fir) = 469.950 MHz the 
crystal frequency is fyta_ = 78.325 MHz. For a received input frequency fi(gr) = 930.500 MHz an external oscillator 
signal must be used with fiqggc) = 310.1667 MHz and a level of -15 dBm (for definition of crystal frequency, see 
Table 1). 


Set the signal generator to nominal frequency (fap) and turn on the modulation deviation +4.0 kHz, 600 Hz square 
wave modulation, Vir) = 1 mV (RMS). Note that the RF signal should be reduced in the following tests, as the 
receiver is tuned, to ensure VoyF) = 10 to 50 mV (p-p) on test pins TP! or TPQ. 


Tune C15 (oscillator output circuit) and C12 (frequency multiplier output) to obtain a peak audio voltage on pin TPI. 


Tune C3 and Cé (RF input and mixer input) to obtain a peak audio voltage on pin TPI. When testing the mixer input 
sensitivity tune C23 instead of C3 and C6 (test circuit Fig.5). 


Check that the output signal on pin TPQ is within 3 dB in amplitude and at 90° (+20°) relative phase of the signal on 
pin TPI. 


Check that data signal appears on output pin DO and proceed with the AC test. 


AC test conditions 


Table 5 Definitions for AC test conditions (see Table 6) 


| SIGNAL DESCRIPTION 


Modulated test signal 1 


Frequency | 172.941, 469.950 or 930.500 MHz _ a 
Deviation +4.0 ) kHz 


| Modulation Veo baud pseudo random bit eee 


Modulated test signal 2 











Deviation | +2. 4 kHz 
‘Modulation 400 Hz sine wave 





a TITER mm Nm 


ne 


ieee of signal generator 1 
frequency of signal generator 2 


ee 
RR 
a ee 


maximum available power from signal generator 3 at the test board input 


maximum available power at the test board input to give a Bit Error Rate (BER) s Y, oo for the modulated | 
| test signal 1, in the absence of interfering signals and under the conditions as specified in Chapters | 
| “AC characteristics (17 73 3 MHz)”, “AC characteristics (470 MHz)” and “AC characteristics (930 MHz)” 


(oe 
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Table 6 AC test conditions (notes 1 and 2) 


SYMBOL PARAMETER | CONDITIONS TEST SIGNALS 


adjacent channel selectivity; fo = f1 + Afes 
Fig. 11 (b) generator 1: modulated test signal 1 
generator 2: modulated test signal 2 
fo = fy + up to 3 kHz 
generator 1: modulated test signal 1 
generator 2: modulated test signal 2 
spurious immunity; Fig. 11 (b) | f2 = 100 kHz to 2 GHz 
ian generator 1: modulated test signal 1 
generator 2: modulated test signal 2 
intermodulation immunity; fo = fy + Afgg; fg = fy + 2Afos 
| Fig. 11 (c) | generator 1: modulated test signal 1 P1 = Pigen +3 OB 
generator 2: unmodulated Po = Py + GQimqin) 
generator 3: modulated test signal 2 P3 = Po 
blocking immunity; Fig. 11 (b) fo = f; + 1 MHz 
generator 1: modulated test signal 1 P; = Pigen + 3 GB 
generator 2: modulated test signal 2 Po = Py + Obimin) 


fottset frequency offset range; deviation = +4.0 kHz, f; = far + 2 KHZ (fottsetimin)) 
Fig.11 (a) generator 1: modulated test signal 1 rey + 3 GB 


Pi = Pi 
deviation range; Fig. 11 (a) deviation = +2.5 to +7 KHZ; (Afyevmin) tO Afgevymax) 
generator 1: modulated test signal 1 P; = Pigen + 3 GB 
receiver turn-on time; Fig.11 (a) | note 3 
generator 1: modulated test signal 4: P1 = Pigep + 10 dB 
Notes 


1. The tests are executed without load on pins TP] and TPQ. 
2. All minimum and maximum values correspond to a bit error rate (BER) s %99 in the wanted signal (P}). 


3. The BER measurement is started 5 ms (tonmax) after Vag goes HIGH; BER is then measured for 100 bits 
(BER < %o0). 















Po =P, + Qa(min) 

























co-channel rejection; Fig.11 


(b) 






P, = Picefy +3 dB 
Po = Py — Ogmax 













P, = Piref +3 dB 
Pp = Py + Osp( min) 
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GENERATOR 1 DEVICE BER TEST 


a FACILITY 
Rs5=502 UNDER TEST (Fig. 12) 


GENERATOR 1 50 22-SIGNAL | BEVICE BER TEST 
% POWER ONGER TES: FACILITY 
Rs5=50 2 COMBINER (Fig. 12) 


GENERATOR 2 
Rs= 50 G2 


GENERATOR 1 


Rs5=50Q 


GENERATOR 2 50 23-SIGNAL sevice BER TEST 


POWER FACILITY 
Bea 00k COMBINER pagel (Fig. 12) 


MLC232 


GENERATOR 3 
Rs = 50 G2 


(a) One generator. 


(b) Two generators. 


(c) Three generators. 
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Fig.11 Test configurations. 
















recovered clock 









GENERATOR 


DIGITAL 
FILTER 


; CLOCK 
RECOVERY 













to error 
counter 


PRESET 
DELAY 


DATA 
COMPARATOR 







PSEUDO 










250 us RANDOM MASTER 
RISE TIME SEQUENCE CLOCK 


GENERATOR 


MLC233 


Fig.12 BER test facility. 
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PRINTED-CIRCUIT BOARDS 


MBD562 


Fig.13 PCB top view for TQFP32; test circuit Figs 1 and 3. 
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MBD561 


Fig.14 PCB bottom view for TQFP32; test circuit Figs 1 and 3. 
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MLC234 


VEE = GND; Ve = Vp. 


Fig.15 PCB top view with components for TQFP32; test circuit Fig.3. 
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Fig.16 PCB bottom view with components for TQFP32; test circuit Fig.3. 
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MLC236 


Fig.17 PCB top view with components for TQFP32; test circuit Fig.5. 
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MLC237 


Fig.18 PCB bottom view with components for TQFP32; test circuit Fig.5. 


November 1994 239 


Philips Semiconductors RF Communications Products Product specification 





Advanced pager receiver UAA2082 


Vi(OSc) 


MLC238 


Vi(RF) 


Fig.19 PCB top view with components for TQFP32; test circuit Fig.6. 
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MLC239 


Fig.20 PCB bottom view with components for TQFP32; test circuit Fig.6. 
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RF dual gain-stage NE/SA5200 
DESCRIPTION PIN CONFIGURATION 
The NE/SA5200 is a dual amplifier with DC to 1200MHz response. ib Packate 
Low noise (NF = 3.6dB) makes this part ideal for RF front-ends, and ; 3 
a simple power-down mode saves current for battery operated 
equipment. Inputs and outputs are matched to 50Q. | Vc | out; | 
The enable pin allows the designer the ability to turn the amplifiers outs GND4 | 
on or off, allowing the part to act as an amplifier as well as an 
attenuator. This is very useful for front-end buffering in receiver a oe 
applications. a | IN2 ENABLE 











FEATURES 


® Duai amplifiers 








@ Supply voltage 4-9V 


® DC - 1200MHz operation © Gain So, = 7dB at f= 1GHz 
nal ts Nae i= : 


®@ Low DC power consumption (4.2mA per amplifier @ Vcc = 5V) © input anchoulsurrmaten Siac So typically <1daB 


® Power-Down Mode (Icc = 95y/A typical) 


@ 3.6dB noise figure at 900OMHz APPLICATIONS 
® Unconditionally stable ® Cellular radios 

® Fully ESD protected ® FF IF strips 

@ Low cost ® Portable equipment 


ORDERING INFORMATION 


~ DESCRIPTION | | TEMPERATURE RANGE ORDER CODE | DWG# 
8-Pin Plastic Smal! Outline (Surface-mount NE5200D 0174C 





8-Pin Plastic Small Outline (Surface—-mount) —40-+85°C SA5200D 0174C 


BLOCK DIAGRAM 
[ 





IN2 GND2 OUT>2 . Vcc 























5 6 7 8 








ENABLE IN4 GND4 OUT; 














RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER RATING UNITS 
Vec Supply voltage | 4.0 to 9.0 


: Operating ambient temperature range 


















NE Grade 0 to +70 °C 

SA Grade -40 to +85 °C 
| Operating junction temperature | 

NE Grade 0 to +90 °C 

SA Grade -40 to +105 °C 
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ABSOLUTE MAXIMUM RATINGS 


— ae Supply voltage! | -0.5 to +9 


Power dissipation, Ta = 25°C (still air) 














; oe 8-Pin Plastic SO | - | 
Maximum operating junction temperature 
Storage temperature range —65 to +150 


NOTE: 

1. Transients exceeding 10.5V on Vcc pin may damage product. 

2. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 6): 
~ §8-Pin SO: Oya = 158°C/W 





DC ELECTRICAL CHARACTERISTICS 
Voc = +5V, Ta = 25°C; unless otherwise stated. 


| SYMBOL PARAMETER | TEST CONDITIONS 


xin 

EST 

[__Veg=SV-ENABLE=High | 64 

Total supply curren Vec=5V,ENABLE=tow | 
[Veo =9v, ENABLE=High |_| 78 | 222 | ma_ 

=a 

ca 







LIMITS 














i 
i 


cc 





Veo = 9V, ENABLE = Low 











P Vr |TUGMOSiogicthreshodvotage™ | SSCS” ee eae 
[Vin [bogictiewt SS SSCSC*dSCSCSCSCSC*C*i wep [veo | Vv 
F Vi. | tooie 0 eve —___| __ Powerdownmode | 03 | | 08 | V_ 
li Enable input current Enable = 0.4V 
Enable = 2.4V 


| Vipc.opc | Input and output DC levels | 


NOTE: 
1. The ENABLE input must be connected to a valid logic level for proper operation of the NE/SA5200. 


AC ELECTRICAL CHARACTERISTICS" 


Veco = +5V, Ta = 25°C, either amplifier, enable = 5V; unless otherwise stated. 













| 
Insertion gain 2 ee 
f= 900MHz ee 
f= 900M ee 
f= 900M ee 
[sit [inputretumioss—SSC*dESC“‘CS™CCS 900MM =| S| 105 [| S| 
[P-1__[OutputtdB compressionpoint =| ~SSSSSC«S= 900M? CdS S| ~«*d;C 
[NF [NoisefigureinsooSSSCdESCSSCSCSC*«* = GOO SSC«ESCsT TSC; 
[TPe__[Input second-order interceptpoint | f= 900MHe se ee 
[Ps [inputthird-orderinterceptpoint | ~CF=@OOMMZ | S| «| _—* CB 
[_1SOL_ | Amplifer-to-ampiifier isolation? Oc = 
[Pour [Saturated outputpower | SC 90OMN? | SLC | Cis 
—————— 
NOTE: 


1. All measurements include the effects of the NE/SA5200 Evaluation Board (see Figure 2). Measurement system impedance is 50Q. 
2. Input applied to one amplifier, output taken at the other output. All ports terminated into 50Q. 
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APPLICATIONS 

NE/SA5200 is a user-friendly, wide-band, unconditionally stable, low 
power dual gain amplifier circuit. There are several advantages to 
using the NE/SA5200 as a high frequency gain block instead of a 
discrete implementation. First is the simplicity of use. The 
NE/SA5200 does not need any external biasing components. Due 
to the higher level of integration and small footprint (SO8) package it 
occupies less space on the printed circuit board and reduces the 
manufacturing cost of the system. Also the higher level of 
integration improves the reliability of the amplifier over a discrete 
implementation with several components. The power down mode in 
the NE/SA5200 helps reduce power consumption in applications 
where the amplifiers can be disabled. And last but not the least is 
the impedance matching at inputs and outputs. Only those who 
have toiled through ‘discrete transistor implementations for 50Q input 
and output impedance matching can truly appreciate the elegance 
and simplicity of the NE/SA5200 input and output impedance 
matching to 50. 


A simplified equivalent schematic is shown in 1. Each amplifier is 
composed of an NPN transistor with an Ft of 13GHz in a classical 
series-shunt feedback configuration. The two wideband amplifiers 
are biased from the same bias generator. In normal operation each 
amplifier consumes about 4mA of quiescent current (at Vcc = 5V). 
In the disable mode the device consumes about 90uA of current, 
most of it is in the TTL enable buffer and the bias generator. The 
input impedance of the amplifiers is 50Q. The amplifiers have 
typical gain of 11dB at 100MHz and 7aB of gain at 1.2GHz. 


It can be seen from 1 that any inductance between Pin 7, 3 and the 
ground plane will reduce the gain of the amplifiers at higher 
frequencies. Thus proper grounding of Pins 7 and 3 is essential for 
maximum gain and increased frequency response. 2 shows the 
printed circuit board layout and the component placement for the 
NE/SA5200 evaluation board. The AC coupling capacitors should 
be selected such that at they are shorts at the desired frequency of 
operation. Since most low-cost large value surface mount 
capacitors cease to be simply capacitors in the UHF range and 
exhibit an inductive behavior, it is recommended that high frequency 
chip capacitors be utilized in the circuit. A good power supply 
bypass is also essential for the performance of the amplifier and 
should be as close to the device as practical. 


3 shows the typical frequency response of the two channels of 
NE/SA5200. The low frequency gain is about 11dB at 100MHz and 
slowly drops off to 10dB at 500MHz. The gain is about 8dB at 
900MHz and 7cB at 1.2 GHz which is typical of NE/SA5200 with a 
good printed circuit board layout. It can also be seen that both 
channels have a very well matched frequency response and 
matched gain to within 0.1dB at 100MHz and 0.2dB at 900MHz. 
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NE/SA5200 finds applications in many areas of RF communications. 
It is an ideal gain block for high performance, low cost, low power 
RF communications transceivers. A typical radio transceiver 
front-end is shown in 4. This could be the front-end of a cellular 
phone, a VHF/ UHF hand-held transceiver, UHF cordless telephone 
or a spread spectrum system. The NE/SA5200 can be used in the 
receiver path of most systems as an LNA and pre-amplifier. The 
bandpass filter between the two amplifiers also minimize the noise 
into the first mixer. In the transmitter path, NE/SA5200 can be used 
as a buffer to the VCO and isolate the VCO from any load variations 
due to the power level changes in the power amplifier. This 
improves the stability of the VCOs. The NE/SA5200 can also be 
used as a pre-driver to the power amplifier modules. 


The two amplifiers in NE/SA5200 can be easily cascaded to have a 
13dB gain block at 900MHz. At 100MHz the gain will be 22dB anda 
noise figure of about 5.5dB. The NE/SA5200 can be operated at a 
higher voltage up to 9V for much improved 1dB output compression 
point and higher 3rd order intercept point. 


Several stages of NE/SA5200 can also be cascaded and be used as 
an IF amplifier strip for DBS/TV/GPS receivers. 5 shows a 60dB 
gain IF strip at 180OMHz. The noise figure for the cascaded amplifier 
chain is given by equation 1. 


NF (total) = NF1 + NF2/G1 + NF3/G1*G2 + NF4/G1*G2*G3 + ... 
(Equation. 1) 


NOTE: The noise figure and gain should not be in dB in the above 
equation. 


Since the noise figure for each stage is about 3.6dB and the gain is 
about 11dB, the noise figure for the 60dB gain IF strip will be about 
6.40B. 


In applications where a single amplifier is required with a 7.5dB gain 
at 900MHz and current consumption is of paramount importance 
(battery powered receivers), the amplifier A1 can be used and 
amplifier A2 can be disabled by leaving GND2 (Pin 3) unconnected. 
This will reduce the total current consumption for the IC to a meager 
4mA. 


The ENABLE pin is useful for Time-Division-Duplex systems where 
the receiver can be disabled for a period of time. In this case the 
overall system supply current will be decreased by 8mA. 


The ENABLE pin can also be used to improve the system dynamic 
range. For input levels that are extremely high, the NE/SA5200 can 
be disabled. In this case the input signal is attenuated by 13dB. 
This prevents the system from being overloaded as well as 
improves the system’s overall dynamic range. In the disabled 
condition the NE/SA5200 IP3 increases to nearly +20dBm. 
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Figure 1. Simplified Equivalent Schematic of NE/SA5200 
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Figure 2. Printed Circuit Board Layout of the NE/SA5200 Evaluation Board 
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: 8.2439dB, 850MHz 
: 6.9146dB, 1.2GHz 






S91 (dB) 










= 

a IN 
CT 
a HA 
a 
| TTT PE 


FREQUENCY (MHz) 
Figure 3. Typical Frequency Response of NE/SA5200 in a 50Q System 
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Figure 5. 60dB IF Gain Block for 100-300MHz IF for GPS/DBS Systems 
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Figure 6. Supply Current 
vs Supply Voltage and Temperature 


Figure 7. Disabled Supply Current 
vs Vcc and Temperature 
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Figure 12. Insertion Gain vs 
Frequency and Temperature 
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Frequency for Disabled Amplifier 


Figure 19. Insertion Gain Matching 
Disabled (CH1 vs CH2) vs Frequency 


S (dB) 


| 
| 





October 10, 1991 254 


Philips Semiconductors RF Communications Products 


RF dual gain-stage 


Product specification 


NE/SA5200 








-20 1 


-40 


ENABLED | 


So, (dB) 


DISABLED 
80 LN” Oy, 
Voc =5V 
TA = +25°C 
-100 | T I 
10 100 1000 


FREQUENCY (MHz) 


Figure 20. CHi Input to CH2 Output 
Isolation vs Frequency 














eae 





1000 


FREQUENCY (MHz) 


Figure 22. 1dB Output Compression Point 
vs Frequency and Vcc 
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Figure 24. Third-Order Output Intercept 
vs Frequency and Vcc 
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Figure 26. Second-Order Output Intercept 
vs Frequency and Vcc 
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Figure 29. Switching Speed; f),y = 50MHz at -26dBm, 
Vpp = 5V, Coupling Capacitors Set to 100pF 





Figure 28. Switching Speed; fj, = 10MHz at -26dBm, Vpp = 5V, 
Coupling Capacitors Set to 0.01uF 
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DESCRIPTION PIN CONFIGURATION 
The NE/SA5204A family of wideband amplifiers replaces the 
NE/SA5204 family. The ‘A’ parts are fabricated on a rugged 2um 
bipolar process featuring excellent statistical process control. 
Electrical performance is nomically identical to the original parts. 





N, D Packages 


The NE/SA5204A is a high-frequency amplifier with a fixed insertion 
gain of 20dB. The gain is flat to +0.5dB from DC to 200MHz. The 
-3dB bandwidth is greater than 350MHz. This performance makes 
the amplifier ideal for cable TV applications. The NE/SA5204A 
operates with a single supply of 6V, and only draws 25mA of supply 














current, which is much less than comparable hybrid parts. The noise es 

figure is 4.8dB in a 75Q system and 6dB in a 50Q system. 

The NE/SA5204A fs a relaxed version of the NE5205. Minimum 

guaranteed bandwidth is relaxed to 350MHz and the “S” parameter FEATURES 

Min/Max limits are specified as typicals only. @ Bandwidth (min.) 

Until now, most RF or high-frequency designers had to settle for 200 Mrz, +0.5dB 

discrete or hybrid solutions to their amplification problems. Most of 350 MHz, -3dB 

these solutions required trade-offs that the designer had to accept in © 20dB insertion gain 

order to use high-frequency gain stages. These include high power 

consumption, large component count, transformers, large packages © 4.8dB (6dB) noise figure Z9=75Q (Zo=50Q) 


with heat sinks, and high part cost. The NE/SA5204A solves these 
problems by incorporating a wideband amplifier on a single 
monolithic chip. ® Input and output impedances matched to 50/75Q systems 


® No external components required 


The part is well matched to 50 or 75Q input and output impedances. ® Surface-mount package available 
The standing wave ratios in 50 and 752 systems do not exceed 1.5 
on either the input or output over the entire DC to 350MHz operating 


range. ® 2000V ESD protection 


Since the part is a small, monolithic IC die, problems such as stray 
capacitance are minimized. The die size is small enough to fit into a 


® Cascadable 


very cost-effective 8-pin small-outline (SO) package to further APPLICATIONS 
reduce parasitic effects. ®@ Antenna amplifiers 

No external components are needed other than AC-coupling ® Amplified splitters : 
capacitors because the NE/SA5204A is internally compensated and 

matched to 50 and 752. The amplifier has very good distortion @ Signal generators 


specifications, with second and third-order intermodulation er 

requency counters 
intercepts of +24dBm and +17dBm, respectively, at 1O00MHz. _ y 

> 
The part is well matched for 50Q test equipment such as signal OSelloseopes 
generators, oscilloscopes, frequency counters, and all kinds of ® Signal analyzers 
signal analyzers. Other applications at 50Q include mobile radio, CB 


radio, and data/video transmission in fiber optics, as well as © Broadband LANs 


broadband LANs and telecom systems. A gain greater than 20dB ® Networks 
can be achieved by cascading additional NE/SA5204As in series as 
required, without any degradation in amplifier stability. © Modems 


® Mobile radio 
® Security systems 


® Telecommunications 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
| 8-Pin Plastic Dual In-Line Package (DIP) ! 0 to +70°C NE5204AN | 04048 | 












| 8-Pin Plastic Small Outline (SO) package 0 to +70°C NE5204AD 0174C 
8-Pin Plastic Dual In-Line Package (DIP) —40 to +85°C SA5204AN 0404B- SO 
8-Pin Plastic Small Outline (SO) package —40 to +85°C SA5204AD 0174C 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 


Wee. 

Ta Operating ambient temperature range ; 
| NE grade 0 to +70 
| SA grade : —40 to +85 °C 

Pomax nel power dissipation!» ? | 

A=20°C(still-air) | 
N package 1160 | W 
~| D package 780 Ww 
Cc 
C ax, 
C . 















m 
m 
Ty function temperature 


Lead ternperature 


NOTES: 
1. Derate above 25°C, at the following rates 
N package at 9.3mW/°C 
D package at 6.2mW/°C 
2. See “Power Dissipation Considerations” section. 





EQUIVALENT SCHEMATIC 


Ry Ro 


! . 
Q 





Vin © —* Q4 





RE1 


RF2 


February 25, 1992 259 


Philips Semiconductors RF Communications Producis Product specification 


Wide-band high-frequency amplifier NE/SA5204A 


DC ELECTRICAL CHARACTERISTICS 
Voc=6V, cial Zo=5C 50Q and Ta=25°C, in all packages, unless otherwise specified. 


es ee . — LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


y 
Operating supply voltage range Over temperature 
| Supply current Over temperature 


| f=100MHz 
iu input return loss 


DC -550MHz 
| s20 


UNIT 
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moinirolato]a 


ze) 
sy) 
* 


a) 
3 
> 


22 







f=100MHz 
DC -550MHz 
f=100MHz 


a ‘DC —550MHz | 
yn 








| | Output return loss 









mb 
on 






| si2 | Isolation 


l wt ff oo 








200 
350 


w 
= 


Bandwidth — 
Bandwidth 
Noise figure (75Q) 

Noise figure (500) | 


Saturated output power 





on 
oO 
ro 
= 


or Q. 


H 


wo 
= 






N 






'=100MHz | 
‘=100MHz 


f=100MHz 










a 










_+7.0 


S 
w 
a 





i wo! | 
yo on —_— 
| = 
| a | 
= 
aL 
N 








+ 
ed 
~] 














1dB gain compression f=100MHz 44.0 dBm 
Third—order intermodulation inter- 
cept (output) f=100MHz dBm 
Second-order intermodulation inter- f=100MHz rey dBm 
cept (output) 
te (| Propagationdelay ‘ oes a _|_ 500 a= 
poo" | . | 
{ 
35 oo 
> mo A) fee ES a 
ye ac ea 7 alee i ly 
2 esa peg sagem ae oe "Soe ce > my) 
g wees Pe ! Ff 
pet : Yaa 
Sa : Z| | 
= p= } ——— 2) # 
J==_========= : aus 
3 0 et He 
oo : 
fe eral a Ef + + | mie aa 
5 5.5 6 6.5 7 1.5 8 101 2 4 6 8 102 2 4 6 8 10° 
SUPPLY VOLTAGE—V FREQUENCY—MHz 
Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency 




















February 25, 1992 260 


Philips Semiconductors RF Communications Products Product specification 


Wide-band high-frequency amplifier NE/SA5204A 





ae ee oie oe et ee ree oer WE 
sb Aree 

SS 
aes ee 






oo) to 
ls] 


= 


INSERTION GAIN—dB 


INSERTION GAIN—dB 


|| 
red 
fl 
| 
a 
ey 
2 
| 
a 
|_| 
| 
a 
i 
le 
| 
8 





10 ee ee ee 


vot 72 4 6 Bip2 2 4 6 8 493 


me 


FREQUENCY—MHz 


25 a Ea 
FREQUENCY—MHz | 




















{ 
Figure 3. Insertion Gain vs Frequency (S24) Figure 4. Insertion Gain vs Frequency (S21) 
| i 
11 10 
10 9 
: 8 
«5 g 6 
6 ° m 5 
T 4 i 4 
mw 3 a 3 
> 2 at 2 
=e 4 
0 rE 0 
5 =1 a -1 
5-2 ae 
oO (-3 Oo _-3 
-4 4 
-5 5 
-6 -6 
jot 2 4 6 B42 2 4 6 8 43 
FREQUENCY—MHz FREQUENCY—MHz 
Figure 5. Saturated Output Power vs Frequency Figure 6. 1dB Gain Compression vs Frequency 



































& Gf Ge ee F 
ae es es Oa a a He ° 
E ae (a > a Bs) u 
ay (YD CF Po G 
Hi ppp A i 
Zz | | | | [AT | | —-+J Z 
i eee Sec dte ace OS 2 dtc cc 7 | | zg=50 _| | 
= of tt Vit 2-500 || nD 46 ee 
A EtTAL | ta-2¢ {| i ee aoa ae 
Zi 1 17] | i ie Bel ele ae 
o | Ft | | | tT tf = 
saree ae FOC) ne (et 

4 5 6 7 8 9 10 


POWER SUPPLY VOLTAGE—V POWER SUPPLY VOLTAGE—V 


Figure 7. Second-Order Output Intercept Figure 8. Third-Order Intercept 
vs Supply Voltage vs Supply Voltage 














February 25, 1992 261 


Philips Semiconductors RF Communications Products 


Wide-band high-frequency amplifier 
































INPUT VSWR 


















































| oe oe 4 6 B42 2 4 6 8493 


3 FREQUENCY—MHz 





Figure 9. Input VSWR vs Frequency 





Product specification 


NE/SA5204A 





——— 
‘ 













































































2.0 se erm ea 6 Fae RS 
1.9 | _| [ 
| ieee 
ve Tamb = 25°C __[ | 
= 16 + 
| > " 
~ 15 
— 
| i rane a 
1.3)— 29 =752 “1 
1.2 
1.1 Zo = 50Q = Ae] 
1.0 
io = 2 4 6 8492 2 4 6 8403 
FREQUENCY—MHz 
Figure 10. Output VSWR vs Frequency 














INPUT RETURN LOSS—dB 
OUTPUT RETURN LOSS-—-dB 





FREQUENCY~-MHz 


Figure 11. Input (S44) and Output (S29) Return Loss 
vs Frequency 
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Figure 12. Isolation vs Frequency (S49) 
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Figure 13. Insertion Gain vs Frequency (S24) 
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THEORY OF OPERATION 

The design is based on the use of multiple feedback loops to 
provide wide-band gain together with good noise figure and terminal 
impedance matches. Referring to the circuit schematic in Figure 15, 
the gain is set primarily by the equation: 


Vout 


F 
Vin (1) 





= (Rey + Rey) / Rey 


which is series-shunt feedback. There is also shunt-series feedback 
due to Reg and Reo which aids in producing wide-band terminal 
impedances without the need for low value input shunting resistors 
that would degrade the noise figure. For optimum noise 
performance, Re, and the base resistance of Q; are kept as low as 
possible, while Reis maximized. 


The noise figure is given by the following equation: 


KT 
E + Re, + s_| 


NF = Ao 


10Log J 1 + 


where |c1=5.5mA, R_ey=12Q, rh=130Q, KT/q=26mV at 25°C and 
Ro=50 for a 50Q system and 75 for a 75Q system. 


The DC input voltage level V;n, can be determined by the equation: 
Vin=VBe1t(Ic1+Ic3) Re1(3) 


where Rey=12Q, Vee=0.8V, Ioy=5mA and Ic3=7mA (currents rated 
at Vec=6V). 


Under the above conditions, Vij is approximately equal to 1V. 


Level shifting is achieved by ernitter-follower Q3 and diode Qa, 
which provide shunt feedback to the emitter of Q; via Rr;. The use 
of an emitter-follower buffer in this feedback loop essentially 
eliminates problems of shunt-feedback loading on the output. The 


VIN 


= 
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value of Re;=140Q is chosen to give the desired nominal gain. The 
DC output voltage Vout can be determined by: 


Vout=Vec—(Ic2+lc6)R2,(4) 
where Vcoc=6V, Re=225Q, Ico=8mA and Icg=5mMA. 


From here, it can be seen that the output voltage is approximately 
3.1V to give relatively equal positive and negative output swings. 
Diode Qs is included for bias purposes to allow direct coupling of 
Ree to the base of Q;. The dual feedback loops stabilize the DC 
operating point of the amplifier. 


The output stage is a Darlington pair (Qg and Qz2) which increases 
the DC bias voltage on the input stage (Q;) to a more desirable 
value, and also increases the feedback loop gain. Resistor Ro 
optimizes the output VSWR (Voltage Standing Wave Ratio). 
Inductors Ly and Lo are bondwire and lead inductances which are 
roughly 3nH. These improve the high-frequency impedance 
matches at input and output by partially resonating with O.5pF of pad 
and package capacitance. 


POWER DISSIPATION CONSIDERATIONS 


When using the part at elevated temperature, the engineer should 
consider the power dissipation capabilities of each package. 


At the nominal supply voltage of 6V, the typical supply current is 
25mA (32mA max). For operation at supply voltages other than 6V, 
see Figure 1 for loc versus Vcc curves. The supply current is 
inversely proportional to temperature and varies no more than 1mA 
between 25°C and either temperature extreme. The change is 0.1% 
per °C over the range. 


The recommended operating temperature ranges are air-mount 
specifications. Better heat-sinking benefits can be realized by 
mounting the SO and N package bodies against the PC board 
plane. cd 
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PC BOARD MOUNTING 

in order to realize satisfactory mounting of the NE5204A to a PC 
board, certain techniques need to be utilized. The board must be 
double-sided with copper and ali pins must be soldered to their 
respective areas (i.e., all GND and Vcc pins on the package). The 
power supply should be decoupled with a capacitor as close to the 
Vcc pins as possible, and an RF choke should be inserted between 
the supply and the device. Caution should be exercised in the 
connection of input and output pins. Standard microstrip should be 
observed wherever possible. There should be no solder bumps or 
burrs or any obstructions in the signal path to cause launching 
problems. The path should be as straight as possible and lead 
lengths as short as possible from the part to the cable connection. 
Another important consideration is that the input and output should 
be AC-coupied. This-ts because at Vcc=6V, the input is 
approximately at 1V while the output is at 3.1V. The output must be 
decoupled into a low-impedance system, or the DC bias on the 
output of the amplifier will be loaded down, causing loss of output 
power. The easiest way to decouple the entire amplifier is by 
soldering a high-frequency chip capacitor directly to the input and 
output pins of the device. This circuit is shown in Figure 16. Follow 
these recommendations to get the best frequency response and 
noise immunity. The board design is as important as the integrated 
circuit design itself. 


SCATTERING PARAMETERS 

The primary specifications for the NE5204A are listed as 
S-parameters. S-parameters are measurements of incident and 
reflected currents and voltages between the source, amplifier, and 
load as well as transmission losses. The parameters for a two-port 
network are defined in Figure 17. 













| Figure 16. Circuit Schematic for 
Coupling and Power Supply Decoupling 
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Actual S-parameter measurements using an HP network analyzer 
(model 8505A) and an HP S-parameter tester (models 8503A/B) are 
shown in Figure 18. 


Values for the figures below are measured and specified in the data 
sheet to ease adaptation and comparison of the NE/SA/SE5204A to 
other high-frequency amplifiers. 

The most important parameter is So1. It is defined as the square root 
of the power gain, and, in decibels, is equal to voltage gain as 
shown below: 


Zp=Zin=ZourT for the NE/SA/SE5204A 





P\=V; 2 
P:=Insertion Power Gain 
V)=Insertion Voltage Gain 


Measured value for the 
NE/SA/SE5204A = |So1 | 2= 100 








Pp 
Py = BE = 185, 1? = 100 

IN 

V 

OUT 
andV, = = Pe vae-S = 110 

I Vin VP, oo, 

In decibels: - 


Pydp) =10 Log | Sa 12 = 20dB 
Vi(aB) = 20 Log Sa4 = 20dB 
“. Pip) = Vide) = S21(aB) = 200B 


Also measured on the same system are the respective voltage 
standing wave ratios. These are shown in Figure 19. The VSWR 
can be seen to be below 1.5 across the entire operational frequency 
range. 


Relationships exist between the input and output return losses and 
the voltage standing wave ratios. These relationships are as follows: 
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a. Two-Port Network Defined 


| Figure 17. 
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$24 =\/ TRANSDUCER POWER GAIN 
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POWER AVAILABLE FROM 
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103 
FREQUENCY—MHz FREQUENCY—MHz 
e. Input (S44) and Output (S22) Return Loss f. Input (Sj) and Output (S22) Return Loss 
vs Frequency Figure 18. vs Frequency 
INPUT RETURN LOSS=S,;dB 1DB GAIN COMPRESSION AND SATURATED 
S41dB=20 Log | $4; | OUTPUT POWER 
OUTPUT RETURN LOSS=S50dB The 1dB gain compression is a measurement of the output power 
So2dB=20 Log | Soo | level where the small-signal insertion gain magnitude decreases 


1dB from its low power value. The decrease is due to nonlinearities 
NEST NOW ies lie in the amplifier, an indication of the point of transition between 
OUTPUT VSWR=s1.5 small-signal operation and the large signal mode. 
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The saturated output power is a measure of the amplifier’s ability to 
deliver power into an external load. It is the value of the amplifier’s 
output power when the input is heavily overdriven. This includes the 
sum of the power in all harmonics. 


INTERMODULATION INTERCEPT TESTS 

The intermodulation intercept is an expression of the low level 
linearity of the amplifier. The intermodulation ratio is the difference in 
dB between the fundamental output signal level and the generated 
distortion product level. The relationship between intercept and 
intermodulation ratio is illustrated in Figure 20, which shows product 
output levels plotted versus the level of the fundamental output for 
two equal strength output signals at different frequencies. The upper 
line shows the fundamental output plotted against itself with a 1dB to 
1dB slope. The second and third order products lie below the 
fundamentals and exhibit a 2:1 and 3:1 slope, respectively. 


The intercept point for either product is the intersection of the 
extensions of the product curve with the fundamental output. 


The intercept point is determined by measuring the intermodulation 
ratio at a single output level and projecting along the appropriate 
product slope to the point of intersection with the fundamental. 
When the intercept point is known, the intermodulation ratio can be 
determined by the reverse process. The second order IMR is equal 
to the difference between the second order intercept and the 
fundamental output level. The third order IMR is equal to twice the 
difference between the third order intercept and the fundamental 
output level. These are expressed as: 
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| P3= Poutt! M R,/2 


where Poy is the power level in dBm of each of a pair of equal 
level fundamental output signals, |P2 and IP3 are the second and 
third order output intercepts in dBm, and IMRo2 and IMR3 are the 
second and third order intermodulation ratios in dB. The 
intermodulation intercept is an indicator of intermodulation 


performance only in the small signal operating range of the amplifier. 


Above some output level which is below the 1dB compression point, 
the active device moves into large-signal operation. At this point the 
intermodulation products no longer foliow the straight line output 
slopes, and the intercept description is no longer valid. It is therefore 
important to measure |P2 and IP at output levels well below 1dB 
compression. One must be careful, however, not to select too low 
levels because the test equipment may not be able to recover the 
signal from the noise. For the NE/SA5204A we have chosen an 
output level of -10.5dBm with fundamental frequencies of 100.000 
and 100.01MHz, respectively. 


ADDITIONAL READING ON SCATTERING 
PARAMETERS 

For more information regarding S-parameters, please refer to 
High-Frequency Amplifiers by Ralph S. Carson of the University of 
Missouri, Rolla, Copyright 1985; published by John Wiley & Sons, 
inc. 


“S-Parameter Techniques for Faster, More Accurate Network Design’, 
HP App Note 95-1, Richard W. Anderson, 1967, HP Journal. 


“S-Parameter Design”, HP App Note 154, 1972. 
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a. Input VSWR vs Frequency 
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b. Output VSWR vs Frequency 


Figure 19. Input/Output VSWR vs Frequency | 





February 25, 1992 





267 





Philips Semiconductors RF Communications Products 


Wide-band high-frequency amplifier 


February 25, 1992 


OUTPUT LEVEL 


dBm 


+30 


+20 


+10 


-10 


| 
THIRD ORDER 


INTERCEPT POINT 


1dB 
COMPRESSION POINT 


FUNDAMENTAL 
ESPONSE 














Product specification 


NE/SA5204A 


2ND ORDER 
INTERCEPT 
POINT 








2ND ORDER 
RESPONSE 


3RD ORDER 
i+— RESPONSE 














-20 -10 0 +10 +20 +30 +40 
INPUT LEVEL dBm 


Figure 20. 


268 


Philips Semiconductors RF Communications Products 


Product specification 





Wide-band high-frequency amplifier 


NE/SA/SE5205A 





DESCRIPTION 

The NE/SA/SE5205A family of wideband amplifiers replace the 
NE/SA/SE5205 family. The ‘A’ parts are fabricated on a rugged 2um 
bipolar process featuring excellent statistical process control. 
Electrical performance is nominally identical to the original parts. 


The NE/SA/SE5205A is a high-frequency amolifier with a fixed 
insertion gain of 20dB. The gain is flat to +0.5dB from DC to 
450MHz, and the -3dB bandwidth is greater than GOOMHz in the EC 
package. This performance makes the amplifierideal for cable TV 
applications. For lower frequency applications, the part is also 
available in industrial standard dual in-line and small outline 
packages. The NE/SA/SE5205A operates with a single supply of 6V, 
and only draws 24mA of supply current, which is much less than 
comparable hybrid parts. The noise figure is 4.8dB in a 75Q system 
and 6dB in a 50Q system. 


Until now, most RF or high-frequency designers had to settle for 
discrete or hybrid solutions to their amplification problems. Most of 
these solutions required trade-offs that the designer had to accept in 
order to use high-frequency gain stages. These include high-power 
consumption, large component count, transformers, large packages 
with heat sinks, and high part cost. The NE/SA/SE5205A solves 
these problems by incorporaiing a wide-band amplifier on a single 
monolithic chip. 


The part is well matched to 50 or 75Q input and output impedances. 
The Standing Wave Ratios in 50 and 75Q systems do not exceed 
1.5 on either the input or output from DC to the -3dB bandwidth limit. 


Since the part is a small monolithic IC die, problems such as stray 
capacitance are minimized. The die size is small enough to fit into a 
very cost-effective 8-pin small-outline (SO) package to further 
reduce parasitic effects. 


No external components are needed other than AC coupling 
capacitors because the NE/SA/SE5205A is internally compensated 
and matched to 50 and 75Q. The amplifier has very good distortion 
specifications, with second and third-order intermodulation 
intercepts of +24dBm and +17dBm respectively at 100MHz. 


The device is ideally suited for 75Q cable television applications 
such as decoder boxes, satellite receiver/decoders, and front-end 
amplifiers for TV receivers. It is also useful for amplified splitters and 
antenna amplifiers. 


The part is matched well for 50Q test equipment such as signal 
generators, oscilloscopes, frequency counters and all kinds of signal 
analyzers. Other applications at 50Q include mobile radio, CB radio 
and data/video transmission in fiber optics, as well as broad-band 
LANs and telecom systems. A gain greater than 20dB can be 
achieved by cascading additional NE/SA/SE5205As in series as 
required, without any degradation in amplifier stability. 


ORDERING INFORMATION 
DESCRIPTION 
8-Pin Plastic Small Outline (SO) package 
| 8-Pin Plastic Dual In-Line Package (DIP) 
| 8-Pin Plastic Small Outline (SO) package 
| 8-Pin Plastic Dual In-Line Package (DIP) 
8-Pin Plastic Dual In-Line Package (DIP) 
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PIN CONFIGURATIONS 





N, D Packages 





VCC | 
VIN 
GND 


GND 











TOP VIEW 








FEATURES 
®@ 600MHz bandwidth 


@ 20dB insertion gain 

®@ 4.8dB (6dB) noise figure ZO=75Q (ZO=50Q) 

® No external components required 

® {nput and output impedances matched to 50/75Q systems 
® Surface mount package available 

® MIL-STD processing available 

® 2000V ESD protection 


APPLICATIONS 
® 75Q cable TV decoder boxes 


® Antenna amplifiers 
® Amplified splitters 
® Signal generators 
®@ Frequency counters 
® Oscilloscopes 

@ Signal analyzers 
® Broad-band LANs 
® Fiber-optics 

® Modems 

® Mobile radio 

® Security systems 


® Telecommunications 


TEMPERATURE RANGE 


ORDERCODE | DWG# | 





“010 +70°0 
Oto+70—_+| NESROSAN | _04048 
016 +856 
40 10 185° 
5510 +125 


853-1598 05759 
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EQUIVALENT SCHEMATIC 


VOUT 











VIN O-— —_——¢ 














ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
Supply votags =e 
AG input votags 


V 
Operating ambient temperature range 
NE grade 0 to +70 °C 
| SA grade -40 to +85 °C 
SE grade -55 to +125 °C 
mW 
mW 





Maximum power dissipation, 
Ta=25°C (still-air)!) 2 

N package 

D package 


1. Derate above 25°C, at the following rates: 
N package at 9.3mW/°C 
D package at 6.2mW/°C 
2. See “Power Dissipation Considerations” section. 


NOTES: 


February 24, 1992 270 


Philips Semiconductors RF Communications Products Product specification 


Wide-band high-frequency amplifier NE/SA/SE5205A 


DC ELECTRICAL CHARACTERISTICS 
Vec=6V, Zs=Z_=Z9=50Q and Ta=25°C in all packages, unless otherwise an ee See 


NE/SA5205A 
SYMBOL PARAMETER TEST CONDITIONS ane UNIT 
= Typ ee 
ls eeaneAl 25 32 20 25 32 mA 
MPR ATED Over temperature 25 33 19 25 33 mA 
| Insertion gain f=100MHz 21 17 19 21 
Over temperature a 5 21.5- ||, 165 21.5 
f=100MHz D, N 
$11 | input return loss tot 


f=100MHz D, N 
Output return loss 


ore _ ee 
PC ety tas TT - 


a 
CS 2 











.o4) —k —h. 
1 
no nN 





w” 
— 
it 





or 
So 
oO 










et Tre te Paar ne 
a 
strates eu poner [so [ro 


Third-order intermodulation 
a intercept (output) ee mca 
| Second-order intermodulation f=100MHz +24 
| intercept (output) 


+ [+ 
1 ya aa &1S 
N Lolo co om ko) 


+ 
We) 
pa 
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Figure 9. Input VSWR vs Frequency 
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Figure 11. Input (Sj) and Output (S29) Return Loss 
vs Frequency 
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Figure 13. Insertion Gain vs Frequency (S24) 


THEORY OF OPERATION 

The design is based on the use of multiple feedback loops to 
provide wide-band gain together with good noise figure and terminal 
impedance matches. Referring to the circuit schematic in Figure 15, 
the gain is set primarily by the equation: 


: (Rey + Rey) 
Res 


Vout 
Vin 


(1) 


which is series-shunt feedback. There is also shunt-series feedback 
due to Reo and Ree which aids in producing wideband terminal 
impedances without the need for low value input shunting resistors 
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Figure 10. Output VSWR vs Frequency 
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Figure 12. Isolation vs Frequency (S12) 
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FREQUENCY—MHz 
Figure 14. Insertion Gain vs Frequency (S51) 


that would degrade the noise figure. For optimum noise 
performance, Re, and the base resistance of Q; are kept as low as 
possible while Rro is maximized. 


The noise figure is given by the following equation: 
NF = 


KT 
foo Aes, oe 2dlo, P 
10log [1 + (2) 


Ro 
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where I¢4=5.5MA, Rey=12Q, =130Q, KT/q=26mV at 25°C and 
Ro=50 for a 50Q system and 75 for a 75Q system. 


The DC input voltage level Vjjj can be determined by the equation: 
Vin=Vpe1+(Ic1+lc3) Ret 


where Rey=12Q, Vee=0.8V, Iloy=5mA and Ice3=7mA (currents rated 
at Voc=6V). 


Under the above conditions, Vij is approximately equal to 1V. 


Level shifting is achieved by emitter-follower Q3 and diode Q4 which 
provide shunt feedback to the emitter of Q; via Rr;. The use of an 
emitter-follower buffer in this feedback loop essentially eliminates 
problems of shunt feedback loading on the output. The value of 
Rri=140Q is chosen to give the desired nominal gain. The DC 
output voltage Vout can be determined by: 


Vout=Vcc-(Ic2+!ce)R2,(4) 


NE/SA/SE5205A 


where Voc=6V, Re=225Q, Ico2=8mA and iqgg=5mA. 


From here it can be seen that the output voltage is approximately 
3.1V to give relatively equal positive and negative output swings. 
Diode Qs is included for bias purposes to allow direct coupling of 
Ro to the base of Q;. The dual feedback loops stabilize the DC 
operating point of the amplifier. 


The output stage is a Darlington pair (Qg and Q2) which increases 
the DC bias voltage on the input stage (Q;) to a more desirable 
value, and also increases the feedback loop gain. Resistor Ro 
optimizes the output VSWR (Voltage Standing Wave Ratio). 
Inductors L; and Lo are bondwire and lead inductances which are 
roughly 3nH. These improve the high-frequency impedance 
matches at input and output by partially resonating with 0.5pF of pad 
and package capacitance. 
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POWER DISSIPATION CONSIDERATIONS 


When using the part at elevated temperature, the engineer should con- 
sider the power dissipation capabilities of each package. 


At the nominal supply voltage of 6V, the typical supply current is 
25mA (82mA Max). For operation at supply voltages other than 6V, 
see Figure 1 for Iccg versus Vcc curves. The supply current is 
inversely proportional to temperature and varies no more than 1mA 
between 25°C and either temperature extreme. The change is 0.1% 
per over the range. 


The recommended operating temperature ranges are air-mount 
specifications. Better heat sinking benefits can be realized by 
mounting the D package body against the PC board plane. 
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Figure 15. Schematic Diagram 
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PC BOARD MOUNTING 

In order to realize satisfactory mounting of the NE5205A to a PC 
board, certain techniques need to be utilized. The board must be 
double-sided with copper and all pins must be soldered to their 
respective areas (i.e., all GND and Vcc pins on the SO package). 
The power supply should be decoupled with a capacitor as close to 
the Vcc pins as possible and an RF choke should be inserted 
between the supply and the device. Caution should be exercised in 
the connection of input and output pins. Standard microstrip should 
be observed wherever possible. There should be no solder bumps 
or burrs or any obstructions in the signal path to cause launching 
problems. The path should be as straight as possible and lead 
lengths as short as possible from the part to the cable connection. 
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Another important consideration is that the input and output should 
be AC coupled. This is because at Vcc=6V, the input is 
approximately at 1V while the output is at 3.1V. The output must be 
decoupled into a low impedance system or the DC bias on the 
output of the amplifier will be loaded down causing loss of output 
power. The easiest way to decouple the entire amplifier is by 
soldering a high frequency chip capacitor directly to the input and 
output pins of the device. This circuit is shown in Figure 16. Follow 
these recommendations to get the best frequency response and 
noise immunity. The board design is as important as the integrated 
circuit design itself. 


SCATTERING PARAMETERS 

The primary specifications for the NE/SA/SE5205A are listed as 
S-parameters. S-parameters are measurements of incident and 
reflected currents and voltages between the source, amplifier and 
load as well as transmission losses. The parameters for a two-port 
network are defined in Figure 17. 


Actual S-parameter measurements using an HP network analyzer 
(model 8505A) and an HP S-parameter tester (models 8503A/B) are 
shown in Figure 18. 
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Values for the figures below are measured and specified in the data 
sheet to ease adaptation and comparison of the NE/SA/SE5205A to 
other high-frequency amplifiers. 
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Figure 16. Circuit Schematic for Coupling 
and Power Supply Decoupling 
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Figure 17. 
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The most important parameter is So. It is defined as the square root 
of the power gain, and, in decibels, is equal to voltage gain as 
shown below: 


Zp=Zin=Zourt for the NE/SA/SE5205A 





P\=V; 2 - 
P\=Insertion Power Gain 
V,=Insertion Voltage Gain 


Measured value for the 
NE/SA/SE5205A = ISp, | 2 = 100 








P 
P,) = SS = 185, 1? = 100 
IN 
V 
IN 
in decibels: 


Pip) =10 Log | Soy | 2 = 20dB 
Vi(dB) = 20 Log S21 = 20dB 
“. Pygpy = ViqaB) = S21(aB) = 20dB 


Also measured on the same system are the respective voltage 
standing wave ratios. These are shown in Figure 19. The VSWR 
can be seen to be below 1.5 across the entire operational frequency 
range. 


Relationships exist between the input and output return losses and 
the voltage standing wave ratios. These relationships are as follows: 


INPUT RETURN LOSS=S,,dB 
$4,dB=20 Log | $44 | 


OUTPUT RETURN LOSS=S20dB 
S22edB=20 Log | Soo | 


INPUT VSWR=<1.5 
OUTPUT VSWR=s1.5 


1dB GAIN COMPRESSION AND SATURATED 
OUTPUT POWER 


The 1dB gain compression is a measurement of the output power 
level where the small-signal insertion gain magnitude decreases 
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1dB from its low power value. The decrease is due to nonlinearities 
in the amplifier, an indication of the point of transition between 
small-signal operation and the large signal mode. 


The saturated output power is a measure of the amplifier’s ability to 
deliver power into an external load. It is the value of the amplifier’s 
output power when the input is heavily overdriven. This includes the 
sum of the power in all harmonics. 


INTERMODULATION INTERCEPT TESTS 

The intermodulation intercept is an expression of the low level 
linearity of the amplifier. The intermodulation ratio is the difference in 
dB between the fundamental output signal level and the generated 
distortion product level. The relationship between intercept and 
intermodulation ratio is illustrated in Figure 20, which shows product 
output levels plotted versus the level of the fundamental output for 
two equal strength output signals at different frequencies. The upper 
line shows the fundamental output plotted against itself with a 1dB to 
1dB slope. The second and third order products lie below the 
fundamentals and exhibit a 2:1 and 3:1 slope, respectively. 


The intercept point for either product is the intersection of the 
extensions of the product curve with the fundamental output. 


The intercept point is determined by measuring the intermodulation 
ratio at a single output level and projecting along the appropriate 
product slope to the point of intersection with the fundamental. 
When the intercept point is known, the intermodulation ratio can be 
determined by the reverse process. The second order IMR is equal 
to the difference between the second order intercept and the 
fundamental output level. The third order IMR is equal to twice the 
difference between the third order intercept and the fundamental 
output level. These are expressed as: 


IP>=Poyrt+IMRe 
IP3=Poutt! MR,/2 


where Poy is the power level in dBm of each of a pair of equal 
level fundamental output signals, IP2 and IP3 are the second and 
third order output intercepts in dBm, and IMR2 and IMR3 are the 
second and third order intermodulation ratios in dB. The 
intermodulation intercept is an indicator of intermodulation 
performance only in the small signal operating range of the amplifier. 
Above some output level which is below the 1dB compression point, 
the active device moves into large-signal operation. At this point the 
intermodulation products no longer follow the straight line output 
slopes, and the intercept description is no longer valid. It is therefore 
important to measure IP» and |P3 at output levels well below 1dB 
compression. One must be careful, however, not to select too low 
levels because the test equipment may not be able to recover the 
signal from the noise. For the NE/SA/SE5205A we have chosen an 
output level of -10.5dBm with fundamental frequencies of 100.000 
and 100.01MHz, respectively. 
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Tamb = 25°C 
Vcc = 6V 
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Figure 19. Input/Output VSWR vs Frequency 


ADDITIONAL READING ON SCATTERING “S-Parameter Techniques for Faster, More Accurate Network Design”, 
PARAMETERS HP App Note 95-1, Richard W. Anderson, 1967, HP Journal. 





For more information regarding S-parameters, please refer to “S-Parameter Design’, HP App Note 154, 1972. 
High-Frequency Amplifiers by Ralph S. Carson of the University of 

Missouri, Rolla, Copyright 1985; published by John Wiley & Sons, 

inc. 
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DESCRIPTION 

The NE5209 represents a breakthrough in monolithic amplifier 
design featuring several innovations. This unique design has 
combined the advantages of a high speed bipolar process with the 
proven Gilbert architecture. 


The NE5209 is a linear broadband RF amplifier wnose gain is 
controlled by a single DC voltage. The amplifier runs off a single 5 
volt supply and consumes only 40mA. The amplifier has high 
impedance (1kQ) differential inputs. The output is 50Q differential. 
Therefore, the 5209 can simultaneously perform AGC, impedance 
transformation, and the balun functions. 


The dynamic range is excellent over a wide range of gain setting. 
Furthermore, the noise performance degrades at a comparatively 
slow rate as the gain is reduced. This is an important feature when 
building linear AGC systems. 


FEATURES 
® Gain to 1.5GHz 


® 850MHz bandwidth 

® High impedance differential input 

® 5002 differential output 

® Single 5V power supply 

® 0 - 1V gain control pin 

® >60dB gain control range at 200MHz 

® 26dB maximum gain differential 

e Exceptional VoontTrRoL / Vaain linearity 
® 7d0B noise figure minimum 

® Full ESD protection 


@ Easily cascadable 


ORDERING INFORMATION 





16-Pin Plastic Small Outline (SO) package 
16-Pin Plastic Dual In-Line Package (DIP) 
16-Pin Plastic Small Outline (SO) package 
16-Pin Plastic Dual In-Line Package (DIP) 
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PIN CONFIGURATION 





N, D PACKAGES 


Voc 
GND4 
INA 
GND4 
INB 
GND 


VBG 





VAGC 











Vcc2 
GND, 
OUTA 
GND9 
OUTB 
GND2 


GND» 
GND» 





APPLICATIONS 
@ Linear AGC systems 


® Very linear AM modulator 

® RF balun 

®@ Cable TV multi-purpose amplifier 

® Fiber optic AGC 

® RADAR 

® User programmable fixed gain block 
® Video 

® Satellite receivers 


® Cellular communications 





TEMPERATURE RANGE 


853-1453 00223 





ORDERCODE | DWG# | 





Philips Semiconductors RF Communications Products Product specification 


Wideband variable gain amplifier NE/SA5209 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER UNITS 


Vcc 
Power dissipation, Ta = 25°C (still air)! 
16-Pin Plastic DIP - mW 
| 16-Pin Plastic SO , mW 









RATING 















Maximum operating junction temperature 
Storage temperature range’ -65 to +150 eee i 


NOTES: 
1. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 8a: 


16-Pin DIP: 8a = 85°C/W 
16-Pin SOO), = 110°C/W 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER RATING UNITS 
| Veco ~—__| Supply voltage Vec1 = Voce = 4.5 to 7.0V 


Vcc 
Operating ambient temperature range 
Ta NE Grade 0 to +70 


SA Grade -40 to +85 
DC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Voc = Voce = +5V, Vaac = 1.0V, unless otherwise specified. 



















Operating junction temperature range 
NE Grade 
SA Grade 







0 to +90 
-40 to +105 
















LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 
Sete. | L__ bo tested 
| 
ee Gvertemperatwret | 30] 


soa sees a ’ 
DC tested, Ry, = 10kQ 23 25 
Voltage gain (single-ended in/differential out) : 7 ae amen ae Sele 
Over temperature 
| DC tested at +50nA _ {2 
Input resistance (single-ended) ee ae (a 
Over temperature! 
(si ) 


loc 
Ay 
Ay 
Output offset voltage (output referred) 
VIN 
VeG 


DC tested, Ry = 10kQ 17 19 
Voltage gain (single-ended in/single-ended out = 7 a ae 
Overtemperature’ | 16 | ——_—*s 


7 


[ 
ie) 
mre 
ol 


— 
~ 


48 
55 
21 
22 
2 

28 
7 


+20 +100 


5 
= 
Over temperature! ae eee +250 
4 


mA 
; 


DC level on inputs 


Rout Output resistance (single-ended 
V DC level on outputs 
Output offset supply rejection ratio ee eee 20 | 45 , | 
(output referred) | Over temperature! p %& fo | | 
fee 12 | 1.32 1.45 | | 
Bandgap reference voltage BG = V 
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DC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Veci = Voce = +5.0V, Vaac = 1.0V, unless otherwise specified. 


| LIMITS 
SYMBOL PARAMETER TEST CONDITIONS [MIN] TYP] 
10 


Ree Bandgap loading Over temperature! 2 a oe 
Vaac AGC DC control voltage range | Over temperature’ — 0-1.3 ae - =. | 






k 


OV<Vaac<1.3V 
AGC pin DC bias current = | , 
| | Over temperature’ an “10 


| lBaac 


NOTES: 
1. “Over Temperature Range” testing is as follows: 
NE is 0 to +70°C 
SA is -40'to +85°C 
At the time of this data sheet release, the D package over-temperature data sheet limits are guaranteed via guardbanded room temperature 
testing only. 


AC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Voci = Vece = +5.0V, VAGC = 1.0V, unless otherwise specified. 


LIMITS 


50 


BW -3dB bandwidth 
Over temperature! 500 


SYMBOL PARAMETER | TEST CONDITIONS UNIT 


< 
vu j 


<= 
ae 
N 


+0.4 


DC - 500MHz 


Over temperature! 


GF Gain flatness 


+ 
bok 
ron) 


| Maximum input voltage swing (single-ended) for 


















VIMAX linear operation2 | 208 vee 
ene output voltage swing (single-ended) 400 mVp.p 
| for linear operation@ Ry, = 1kQ 1.9 
NF Noise figure (unmatched configuration) | Rg =50Q, f = 50MHz 9.3 
25 


Equivalent input noise voltage spectral density 


f = 100MHz 
f = 100MHz 


| VIN-EQ 


$12 Reverse isolation 





Gain supply sensitivity (single-ended 


| =AG/AT Gain temperature sensitivity Ry = 50Q 
Input capacitance (single-ended) 


no) 
Tl 


-3dB bandwidth of gain control function i-- * 


1dB gain compression point at output f = 100MHz 


Pi-1dB 







f = 100MHz, Vic 
=0.1V 


f = 100MHz, VaGC 





1dB gain compression point at input 





















IP30uT Third-order intercept point at output >0.5V dBm 
IP3in Third-order intercept point at input 1s Bey VaGc | dBm 
Gain match output A to output B f = 100MHzZ, Vagc = 1V } oB | 

NOTE: 


1. “Over Temperature Range” testing is as follows: 

NE is 0 to +70°C 

SA is -40 to +85°C 
At the time of this data sheet release, the D package over-temperature data sheet limits are guaranteed via guardbanded room temperature 
testing only. 
With RL > 1kQ, overload occurs at input for single-ended gain < 13dB and at output for single-ended gain > 138dB. With R, = 50Q, overload 
occurs at input for single-ended gain < 6dB and at output for single-ended gain > 6dB. 


nm 
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NE5209 APPLICATIONS 

The NE5209 is a wideband variable gain amplifier (VGA) circuit 
which finds many applications in the RF, IF and video signal 
processing areas. This application note describes the operation of 
the circuit and several applications of the VGA. The simplified 
equivalent schematic of the VGA is shown in Figure 1. Transistors 
Q1-Q6 form the wideband Gilbert multiplier input stage which is 
biased by current source I1. The top differential pairs are biased 
from a buffered and level-shifted signal derived from the Vagc input 
and the RF input appears at the lower differential pair. The circuit 
topology and layout offer low input noise and wide bandwidth. The 
second stage is a differential transimpedance stage with current 
feedback which maintains the wide bandwidth of the input stage. 
The output stage is a pair of emitter followers with 50Q output 
impedance. There-is also an on-chip bandgap reference with 
buffered output at 1.3V, which can be used to derive the gain control 
voltage. 


Both the inputs and outputs should be capacitor coupled or DC 
isolated from the signal sources and loads. Furthermore, the two 
inputs should be DC isolated from each other and the two outputs 
should likewise be DC isolated from each other. The NE5209 was 
designed to provide optimum performance from a 5V power source. 
However, there is some range around this value (4.5 - 7V) that can 
be used. 


The input impedance is about 1kQ. The main advantage to a 
differential input configuration is to provide the balun function. 
Otherwise, there is an advantage to common mode rejection, a 
specification that is not normally important to RF designs. The 
source impedance can be chosen for two different performance 
characteristics: Gain, or noise performance. Gain optimization will 
be realized if the input impedance is matched to about 1kQ. A 4:1 
baiun will provide such a broadband match from a 50Q source. 
Noise performance will be optimized if the input impedance is 
matched to about 2002. A 2:1 balun will provide such a broadband 
match from a 50Q source. The minimum noise figure can then be 
expected to be about 7dB. Maximum gain will be about 23aB for a 
single-ended output. If the differential output is used and properly 
matched, nearly 30dB can be realized. With gain optimization, the 
noise figure will degrade to about 8dB. With no matching unit at the 
input, a 9dB noise figure can be expected from a 50Q source. If the 
source is terminated, the noise figure will increase to about 15dB. 
All these noise figures will occur at maximum gain. 


The NE5209 has an excellent noise figure vs gain relationship. With 
any VGA circuit, the noise performance will degrade with decreasing 


; 





7} 


Voc i et . eas fT 
: Ry Ra | | 
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gain. The 5209 has about a 1.2dB noise figure degradation for 
each 2dB gain reduction. With the input matched for optimum gain, 
the 8dB noise figure at 23dB gain will degrade to about a 20dB 
noise figure at OdB gain. 


The NE5209 also displays excellent linearity between voltage gain 
and control voltage. Indeed, the relationship is of sufficient linearity 
that high fidelity AM modulation is possible using the NE5209. A 
maximum control voltage frequency of about 20MHz permits video 
baseband sources for AM. 


A stabilized bandgap reference voltage is made available on the 
NE5209 (Pin 7). For fixed gain applications this voltage can be 
resistor divided, and then fed to the gain control terminal (Pin 8). 
Using the bandgap voltage reference for gain control produces very 
stable gain characteristics over wide temperature ranges. The gain 
setting resistors are not part of the RF signal path, and thus stray 
capacitance here is not important. 


The wide bandwidth and excellent gain control linearity make the 
NE5209 VGA ideally suited for the automatic gain control (AGC) 
function in RF and IF processing in cellular radio base stations, 
Direct Broadcast Satellite (DBS) decoders, cable TV systems, fiber 
optic receivers for wideband data and video, and other radio 
communication applications. A typical AGC configuration using the 
NE5209 is shown in Figure 2. Three NE5209s are cascaded with 
appropriate AC coupling capacitors. The output of the final stage 
drives the full-wave rectifier composed of two UHF Schottky diodes 
BAT17 as shown. The diodes are biased by R1 and R2 to Vcc such 
that a quiescent current of about 2mA in each leg is achieved. An 
NE5S230 low voltage op amp is used as an integrator which drives 
the Vacc pin on all three NE5209s. R3 and C3 filter the high 
frequency ripple from the full-wave rectified signal. A voltage 
divider is used to generate the reference for the non-inverting input 
of the op amp at about 1.7V. Keeping D3 the same type as D1 and 
D2 will provide a first order compensation for the change in Schottky 
voltage over the operating temperature range and improve the AGC 
performance. R6 is a variable resistor for adjustments to the op 
amp reference voltage. In low cost and large volume applications 
this could be replaced with a fixed resistor, which would result in a 
slight loss of the AGC dynamic range. Cascading three NE5209s 
will give a dynamic range in excess of 60dB. 


The NE5209 is a very user-friendly part and will not oscillate in most 
applications. However, in an application such as with gains in 
excess of 60dB and bandwidth beyond 100MHz, good PC board 
layout with proper supply decoupling is strongly recommended. 
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Figure 1. Equivalent Schematic of the VGA 
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Ry = Re = 3.9k 
Rg = 3602 
R4 = 62k 
Rs5 = 1000 
Rg = 1k pot 
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(16-Pin SO, 150-mil wide) 







Figure 3. VGA AC Evaluation Board 
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MINI CIRCUITS 
2:1 BALUN | 
500 OR SIMILAR 502 
SOURCE ©) OUTPUT 
: | 
Se == 
iL: 4:2 














Figure 4. Broadband Noise Optimization 


+5V 
2:1 TURNS RATIO 
LC TUNED 


This circuit will exhibit about a 7dB 
noise figure with approximately 
22dB gain. 








TRANSFORMER 
50Q 


50Q 
am | dl . 
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SOURCE @ : area = 
= mt | 1 
. : 50Q 











OUTPUT 


This circuit will exhibit about a 7dB + 
noise figure with approximately 
22dB gain. Narrowband circuits 
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Figure 6. Broadband Gain Optimization 
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have the advantage of greater stabil- 
ity, particularly when multiple de- 
vices are cascaded. 
Figure 5. Narrowband Noise Optimization 
+5V 
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4:1 BALUN OR 
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This circuit will exhibit about an 8dB 
noise figure with 24dB gain. 
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Figure 7. Narrowband Gain Optimization 


50Q 


This circuit will exhibit approximate- 
ly an 8dB noise figure and 25dB gain. 
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Simple Amplifier Configuration 





The noise figure of this configuration 
will be approximately 15dB. 
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+5V 
e 
poy 50Q 
SOURCE © o OUTPUT 
ood as With the 50Q source left untermi- 
nated, the noise. figure is 9dB. 
= 502 
UO Vacc 
“ +1V = 
Figure 9. Unterminated Configuration 
+5V 
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-~ 500 502 
| 
SOURCE © i @) OUTPUT 
= 7 /——— 7 Gain = 19dB + 20l0gi9 Vacc «« 
where Vacc=|Q 1. Db BG 
VBG is R,; + Ro 
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Figure 10. User-Programmable Fixed Gain Block 











and is in units of Volts, for Vagc < 1V 
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Figure 11. AM Modulator 
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All harmonic distortion products will be 
at least -50dBc over the audio spectrum. 
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VAGC VAGC 





— eee 
PM a be 


VAGC 











The high input impedance to the NE5209 makes matching 
to crystal filters relatively easy. The totai delta gain of this 
system will approach 80dB. IF frequencies well into the UHF 
region can be configured with this type of architecture. 


Figure 12. Receiver AGC IF Gain 
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Vac (+5V, unless otherwise noted) 
Rs 
, | | 
an = : || a 
Rr S RL 
VAGC iL 
™ — 
Figure 13. Test Set-up 1 (Used for all Graphs) 
| 10 r im aes 55°C 
10 _ | 
: - | | 94 425°C 
9 4 Vee = 5.5V : 
4 Vcc = 5.0V 8 = 
6 Vec = 4.5V 4 +125°C 
4 = 7 
‘| na 
aoe 1 
: 6 
® 6 = 2 7 
3 ; | 2 i 4 
Bi | & 5 
© 7 is) 4 
= | = | 
= te a Teas 4 
oO J o Rg = RL = 502 
34 Rt =e ——— 3 4 Rt = a 
al fa eye 4 See test-setup 1 
2 2 4 
{ 2 onbe DC Tested seal | 
7 See tesi-setup 1 Mes - Bu 
0 0.2 0.4 0.6 0.8 4 1.2 Pied eae ne | | a ae | Fok ae aa? Naa ae a Pe a ea 
Vaae (V) 0 0.2 0.4 0.6 0.8 1 12 
Vaac (V) 
Figure 14. Gain vs Vagc and Vcc Figure 15. Insertion Gain vs Vagc and Temperature 
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: r= 5.0V 1 
3 18.5 4 A.5V 45 Veg =7.0V 
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S a75 7 = al Vcc = 5.0V 
Cie 3 So 
> ; Rs =00 = 7 Veg = 4.5V 
G 4 QO 35 
. 1 ee a A 
= 16.5 = ST VaaC=tiv — AD 302 1 
16 1 See Test Setup 1 | 
| 25 — { 
15.5 4 | | - i 
: J See test-setup 1 
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Figure 16. Voltage Gain vs Temperature and Vcc | Figure 17. Supply Current vs Temperature and Vcc 
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Figure 20. Output Bias Voltage vs Temperature and Vcc 
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Figure 19. Input Bias Voltage vs Temperature 
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DC Tested 
See test-setup 1 
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DC Tested 

See test-setup 1 
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Figure 21. DC Output Swing vs Temperature 
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Figure 22. Insertion Gain vs Frequency and Vagc 








Rt = 50Q 
See Test Setup 1 
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VAGC = 1.1V 
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See Test Setup 1 








| Figure 24. Insertion Gain vs Temperature and Vcc 
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T=25°C 
VaAGC = 1.1V 
Rs = Ri. = 50Q 

Rt = 50Q 

See Test Setup 1 


a 








100 
Frequency (MHz) 





Vec =7.0V 
Vcc = 6.0V 
Vcc = 5.0V 
Vcc = 4.5V 








150 











Soo (dB) 















































1000 1500 


Figure 23. Insertion Gain vs Frequency and Vcc 
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Rt = 500 
See Test Setup 1 
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Figure 25. Output Return Loss vs Frequency 
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Rg = RL = 502 
Ry = 50Q 
See test-setup 1 
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Figure 26. Reverse Isolation vs Frequency 
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Figure 28. Third-Order Intermodulation Intercept vs Vagc 
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T= 25°C 
Rs = Ry = 502 
Rt = 50Q 
f = 100MHz 
See test-setup 1 
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Figure 27. 1dB Gain Compression vs Vagc 























Rs = RL = 50Q 
Rt = °° 
f = 50MHz 
See test-setup 1 
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Figure 29. Noise Figure vs Vacc 
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Vcc =7.0V 
Vcc = 6.0V 
Voc = 5.0V 
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Figure 30. Noise Figure vs Frequency . Figure 31. Bandgap Voltage vs Temperature and Vcc 
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Figure 32. Fixed Gain vs Temperature 
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TOP VIEW - SOLDER SIDE 
AGC Configuration Using Cascaded NE5209s - Layout 
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DESCRIPTION PIN CONFIGURATION 

The NE5219 represents a breakthrough in monolithic amplifier | 

design featuring several innovations. This unique design has N, D PACKAGES 
combined the advantages of a high speed bipolar process with the 

proven Gilbert architecture. Vcc1 Voc2 
The NE5219 is a linear broadband RF amplifier whose gain is GND4 GND2 
controlled by a single DC voltage. The amplifier runs off a single 5 INA OUT, 
volt supply and consumes only 40mA. The amplifier has high GND GND» 
impedance (1kQ) differential inputs. The output is 50Q differential. 

Therefore, the 5219 can simultaneously perform AGC, impedance INB CUTB 
transformation, and the balun functions. GND, GND2 | 
The dynamic range is excellent over a wide range of gain setting. VBG _ GND 
Furthermore, thenoise performance degrades at a comparatively VAGC GND2 








slow rate as the gain is reduced. This is an important feature when 
building linear AGC systems. 





FEATURES APPLICATIONS 


@ 700MHz bandwidth ® Linear AGC systems 


@ High impedance differential input ® Very linear AM modulator 


® 500 differential output @ RF balun 

®@ Single 5V power supply ® Cable TV multi-purpose amplifier 
® 0 - 1V gain control pin ® Fiber optic AGC 

® >60dB gain control range at 200OMHz ® RADAR 


® 26dB maximum gain differential ® User programmable fixed gain block 


® Exceptional Voontrox / Vaain linearity ® Video 


© 7dB noise figure minimum € Sciciiaeesee 


® Full ESD protection ® Cellular communications 


® Easily cascadable 


ORDERING INFORMATION 





Description Order Code | DWG# — 
16-Pin Plastic Small Outline (SO) package 
16-Pin Plastic Dual In-Line package (DIP) NE5219N 
16-Pin Plastic Small Outline (SO) package 
16-Pin Plastic Dual In-Line package (DIP) 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNITS 


Power dissipation, Ta = 25°C (still air)! | 
16-Pin Plastic DIP 1450 mw 
16-Pin Plastic SO 1100 mw 
Storage temperature range ~ -65 to +150 ces 


NOTES: 
1. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, Oy,: 


16-Pin DIP: SBuA= 85°C/W 
16-Pin SO: 034 = 110°C/W 















RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER RATING UNITS 


Operating ambient temperature range 
Ta NE Grade 0 to +70 ih 
















SA Grade -40 to +85 


Operating ee temperature range 
E Grade 0 to +90 
oA Grade -40 to +105 






DC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Voci = Vec2 = +5V, Vacc = 1.0V, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 


Suply carer So A CO 
sy Voltage gain (single-ended in/single-ended out) | DC tested, Ry. = 10kQ SS ee 
Voltage g2i0 — -ended in/differential out) DC tested, Ri. = 10kQ = 


ee ee 

a 

[Dotewtoninpas 
sl 
ars 













on DC level on outputs 
PSRR Output offset supply rejection ratio 


4.5V<Voc<7V 
Bandgap reference voltage Rag = 10kQ 1.32 1.45 
— AGC DC control voltage range eee 
IBAGC AGC pin DC bias current 0V<Vagc<1.3V 
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AC ELECTRICAL CHARACTERISTICS 


Ta = 25°C, Voc: = Vece = +5.0V, Vaac = 1.0V, unless otherwise specified. 


SYMBOL | PARAMETER 


-3dB bandwidth 





GQ 


es) 


F | Gain flatness : 


VoMAX 
ns for linear operation’ 


Noise figure (unmatched configuration) 





Equivalent input noise voltage spectral density | 


A 
5 


| VIN-EQ 
$12 Reverse isolation 
AG/AVcc 

| AG/AT 


Gain supply sensitivity (single-ended) 


Gain temperature sensitivity 


Cin nput capacitance (single-ended) 





BWacac -3dB bandwidth of gain control function | 


Po-1dB 1dB gain compression point at output f = 100MHz 
f = 100MHzZ, Vacc . 
ee cn a a - 
t= 100MHz, VaGcc 
p ference P| ts P| cam 


f= 100MHz, Vacc 


1dB gain compression point at input 


P\.4qB 


IP3quT | Third-order intercept point at output 





IP3in Third-order intercept point at input 


AGap Gain match output A to output B 
NOTE: 


— 


| TEST CONDITIONS 


Product specification 


~ NE/SA5219 


LIMITS 


ee ee 


UNIT 


[boson 


Maximum output voltage swing (single-ended) PF =50Q {| 400 | mV 
A 
Bee 2 ae a ee eee es 


f = 100MHz 


ee 


f = 100MHz 





coke 





f = 100MHz, Vacc =1V 


. With Ry > 1kQ, overload occurs at input for single-ended gain < 13dB and at output for single-ended gain > 13dB. With R, = 50, overload 


occurs at input for single-ended gain < 6dB and at output for single-ended gain > 6dB. 


NE5219 APPLICATIONS 

The NE5219 is a wideband variable gain amplifier (VGA) circuit 
which finds many applications in the RF, IF and video signal 
processing areas. This application note describes the operation of 
the circuit and several applications of the VGA. The simplified 
equivalent schematic of the VGA is shown in Figure 1. Transistors 
Q1-Q6 form the wideband Gilbert multiplier input stage which is 
biased by current source !1. The top differential pairs are biased 
from a buffered and level-shifted signal derived from the Vacc input 
and the RF input appears at the lower differential pair. The circuit 
topology and layout offer low input noise and wide bandwidth. The 
second stage is a differential transimpedance stage with current 
feedback which maintains the wide bandwidth of the input stage. 
The output stage !s a pair of emitter followers with 50Q output 
impedance. There is also an on-chip bandgap reference with 
buffered output at 1.3V, which can be used to derive the gain control 
voltage. 


‘Both the inputs and outputs should be capacitor coupled or DC 
isolated from the signal sources and loads. Furthermore, the two 
inputs should be DC isoiated from each other and the two outputs 
should likewise be DC isolated from each other. The NE5219 was 
designed to provide optimum performance from a 5V power source. 
However, there is some range around this value (4.5 - 7V) that can 
be used. 


The input impedance is about 1kQ. The main advantage to a 
differential input configuration is to provide the balun function. — 
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Otherwise, there is an advantage to common mode rejection, a 
specification that is not normally important to RF designs. The 
source impedance can be chosen for two different performance 
characteristics: Gain, or noise performance. Gain optimization will 
be realized if the input impedance is matched to about 1kQ. A 4:1 
balun will provide such a broadband match from a 50Q source. 
Noise performance will be optimized if the input impedance is 
matched to about 200Q. A 2:1 balun will provide such a broadband 
match from a 50Q source. The minimum noise figure can then be 
expected to be about 7dB. Maximum gain will be about 23dB fora 
single-ended output. If the differential output is used and properly 
matched, nearly 30cB can be realized. With gain optimization, the 
noise figure will degrade to about 8dB. With no matching unit at the 
input, a 9GB noise figure can be expected from a 50Q source. If the 
source is terminated, the noise figure will increase to about 15dB. 
All these noise figures will occur at maximum gain. 


The NE5219 has an excellent noise figure vs gain relationship. With 
any VGA circuit, the noise performance will degrade with decreasing 
gain. The 5219 has about a 1.2dB noise figure degradation for 
each 2dB gain reduction. With the input matched for optimum gain, 
the 8dB noise figure at 23dB gain will degrade to about a 20dB 
noise figure at OdB gain. 


The NE5219 also displays excellent linearity between voltage gain 
and control voltage. Indeed, the relationship is of sufficient linearity 
that high fidelity AM modulation is possible using the NE5219. A 
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maximum control voltage frequency of about 20MHz permits video 
baseband sources for AM. 


A stabilized bandgap reference voltage is made available on the 
NE5219 (Pin 7). For fixed gain applications this voltage can be 
resistor divided, and then fed to the gain control terminal (Pin 8). 
Using the bandgap voltage reference for gain control produces very 
stable gain characteristics over wide temperature ranges. The gain 
setting resistors are not part of the RF signal path, and thus stray 
capacitance here is not important. 


The wide bandwidth and excellent gain control linearity make the 
NE5219 VGA ideally suited for the automatic gain control (AGC) 
function in RF and IF processing in cellular radio base stations, 
Direct Broadcast Satellite (DBS) decoders, cable TV systems, fiber 
optic receivers for wideband data and video, and other radio 
communication applications. A typical AGC configuration using the 
NE5219 is shown in Figure 2. Three NE5219s are cascaded with 
appropriate AC coupling capacitors. The output of the final stage 
drives the full-wave rectifier composed of two UHF Schottky diodes 








NE/SA5219 


BAT17 as shown. The diodes are biased by R1 and R2 to Vcc such 
that a quiescent current of about 2mA in each leg is achieved. An 
NE5230 low voltage op amp is used as an integrator which drives 
the Vagc pin on all three NE5219s. R3 and C3 filter the high 
frequency ripple from the full-wave rectified signal. A voltage 
divider is used to generate the reference for the non-inverting input 
of the op amp at about 1.7V. Keeping D3 the same type as D1 and 
D2 will provide a first order compensation for the change in Schottky 
voltage over the operating temperature range and improve the AGC 
performance. Ré6 is a variable resistor for adjustments to the op 
amp reference voltage. In low cost and large volume applications 
this could be replaced with a fixed resistor, which would result in a 
slight loss of the AGC dynamic range. Cascading three NE5219s 
will give a dynamic range in excess of 60dB. 


The NE5219 is a very user-friendly part and will not oscillate in most 
applications. However, in an application such as with gains in 
excess of 60dB and bandwidth beyond 100MHz, good PC board 
layout with proper supply decoupling is strongly recommended. = 
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ee Q7 
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INA 
| 
Figure 1. Equivalent Schematic of VGA 
é | | a 
INPUT fi ‘ OurPi 
or) 1 : ‘1,9 | 
Vcc 
R1 
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Figure 2. AGC Configuration Using Cascaded NE5219s 
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Figure 3. VGA AC Evaluation Board 
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Figure 4. Broadband Noise Optimization 
+5V 
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Figure 5. Narrowband Noise Optimization 
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This circuit will exhibit about a 7dB 
noise figure with approximately 
22dB gain. 


This circuit will exhibit about a 7dB 
noise figure with approximately 
22dB gain. Narrowband circuits 
have the advantage of greater stabil- 
ity, particularly when multiple de- 
vices are cascaded. 
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MINI CIRCUITS ) 
, 4:1 BALUN OR , 
50Q EQUIVALENT 50Q 
SOURCE - OUTPUT - | 
= | | = This circuit will exhibit about an 8dB 
nolse figure with 24dB gain. 
= 1:4 500 
U vacc 
Shy +1V — 
Figure 6. Broadband Gain Optimization 














+5V 


4:1 TURNS RATIO O 
LC TUNED 
TRANSFORMER 50Q 
502 — | — ©) OUTPUT 
SOURCE @ = This circuit will exhibit approximate- 
ule ly an 8dB noise figure and 25dB gain. ** 
< 500 
O vacc 




















+1V = 

Figure 7. Narrowband Gain Optimization 
+5V 
O 

50Q 500 
SOURCE ow OUTPUT 
50Q 
= a The noise figure of this configuration 
| | | | will be approximately 15dB. 
ae 
= = 502 

O VYAGC 
+1V = 

Figure 8. Simple Amplifier Configuration 


























+5V 

O 
50Q 50Q 
|- | 
SOURCE | OUTPUT 
= = With the 500 source left untermi- 
nated, the noise figure is 9dB. 
a 500 

O vaac 

+1V — 

Figure 9. Unterminated Configuration 
+5V 
) 


50Q 
OUTPUT 





500 
| 
SOURCE = 1 | : 
= | a Gain = 19dB + 2010910 Vacc 
Lt VAGs 502 R, V 
where Vacc = B 
vee | R, + R, 86 
Ry a 


Ro and is in units of Volts, for Vagc < 1V 








Figure 10. User-Programmable Fixed Gain Block 
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7 VAGC All harmonic distortion products will be 
: + at least -50dBc over the audio spectrum. 
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Figure 11. AM Modulator 
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= VAGC | VAGC VAGC 
The high input impedance to the NE5219 makes matching GAIN CONTROL 
to crystal filters relatively easy. The total delta gain of this oO SIGNAL 


system will approach 80dB. IF frequencies well into the UHF 
region can be configured with this type of architecture. 





Figure 12. Receiver AGC IF Gain 
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Figure 13. Test Set-up 1 (Used for all Graphs) 
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Vcc = 5.5V 
Vcc = 5.0V 
Vcc = 4.5V 











+#125°C 











So4 Magnitude 


Rs = RL = 502 
Ry = 0° 


f = 10MHz 


Rg = Ry = 502 
3 Rt = oo 
See test-setup 1 






DC Tested 
See test-setup 1 


S21 Magnitude 
o 


0 0.2 0.4 0.6 0.8 1 1.2 


Vacc (W) | | i ; f ; : 
VaGc (V) 
Figure 14. Gain vs Vagc and Vcc Figure 15. Insertion Gain vs Vagc and Temperature 
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5 18 < 
ee a ae ae ee : 
5 17.5 o 
= Rg = 02 5 
6 Oo 
= 17 Rt = 0o > 
s Rt = 00 a 
3 16.5 VAGC = 1.1V ” 

See Test Setup 1 








Temperature (°C) Temperature (°C) 


Figure 16. Voltage Gain vs Temperature and Vcc Figure 17. Supply Current vs Temperature and Vcc 
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Figure 18. Input Resistance vs Temperature 
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See test-setup 1 
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Figure 20. Output Bias Voltage vs Temperature and Vcc 





NE/SA5219 





2.5 
































2 
Vcc =7.0V 
Vcc = 6.0V 
ae Vcc = 5.0V 
= 1.5 Vcc = 4.5V 
o 
2 
$ 
” 
@ 
om 1 
3 
a 
£ 
0.5 
DC Tested 
See test-setup 1 : 
0 
-100 ~50 0 50 100 150 
Temperature (°C) 
Figure 19. Input Bias Voltage vs Temperature 
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See test-setup 1 
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Figure 21. DC Output Swing vs Temperature 
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T= 25°C 
Rg = Ry = 50Q 
Ry = 50Q 
See Test Setup 1 
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Figure 22. Insertion Gain vs Frequency and Vagc 
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Figure 24. Insertion Gain vs Temperature and Vcc 
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Figure 23. Insertion Gain vs Frequency and Vcc 
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Figure 25. Output Return Loss vs Frequency 
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See Test Setup 1 
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See test-setup 1 
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Figure 30. Noise Figure vs Frequency Figure 31. Bandgap Voltage vs Temperature and Vcc 
a _ 
12 | 
t 
{ 
| | 
_ 8 _—————— 
a 
& 
® 
mo] 
z 
- 6 
Dp \ 
®& 
= 
&, _| . 
Rs = Rx, = 502 
Re = 502 
Ry = Ro = 10k 
2 f = 100MHz 
See Figure 10 
o- 
-60 -10 90 140 


40 
Temperature (°C) 





Figure 32. Fixed Gain vs Temperature 
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TOP VIEW - COMPONENT SIDE TOP VIEW - SOLDER SIDE 
VGA AC Evaluation Board Layout (DIP Package) 
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BOTTOM VIEW - D Package 








TOP VIEW - D Package 






VGA AC Evaluation Board Layout (SO Package) 
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DESCRIPTION PIN CONFIGURATION 

The NE/SA5234 is a matched, low voltage, high performance quad | 
operational amplifier. Among its unique input and output N, and D PACKAGES 
characteristics is the capability for both input and output rail-to-rail 
operation, particularly critical in low voltage applications. The output a 
swings to less than 50mV of both rails across the entire power open 
















OUTPUT, 


supply range. The NE/SA5234 is capable of delivering 5.5V INPUT} 2 | NPUT4 
peak-to-peak across a 6002 load and will typically draw only 700nA 

per amplifier. The bandwidth is 2.5MHz and the 1% settling time is +INPUT, | 3 | +INPUT4 
1.4us. GND 


+INPUT3 


FEATURES 


® Wide common-made input voltage range: 250mV beyond both 
rails =" 





-INPUT3 


OUTPUT3 
® Output swing within 50mV of both rails 


® Functionality to 1.8V typical 


® Low current consumption: 700A per amplifier 


@ +15mA output current capability APPLICATIONS 

® Unity gain bandwidth: 2.5MHz . ® Automotive electronics 

® Slew rate: 0.8V/us ® Signal conditioning and sensing amplification 
® Low noise: 25nV/VHz ® Portable instrumentation 

® Electrostatic discharge protection — Test and measurement 


~ Medical monitors and diagnostics 


® Short-circuit protection R t t 
~— Remote meters 


® Output inversion prevention ® Audio equipment 


® Security systems 
® Communications 
— Pagers 
— Cellular telephone 
— LAN 
- 5V Datacom bus 


® Error amplifier in motor drives 


® Transducer buffer amplifier 


ORDERING INFORMATION | | 


ORDER CODE | DWG# | 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER _ | RATING UNITS 
Voc___| Single supply voltage ee 


| ESD protection voltage at any pin® 
human body model 
robot model: 






2000 
200 


+3.5 
Vg +05 
+50 


VespD 







Dual supply voltage 
Voltage at any device pin! 
Current into any device pi 








Differential input voltage@ Os 


Common-mode input voltage (positive) Voc + 0.5 
-Common-mode input voltage (negative) wee 0.5 


Power dissipation? 


Supply voltage allowing indefinite output short circuit to either rail34 


Storage temperature range -65 to +150 oe 


| Thermal impedance 
14 pin Plastic SO 115 °C/W 
NOTES: 


1. Each pin is protected by ESD diodes. The voltage at any pin is limited by the ESD diodes. 

2. The differential input of each amplifier is limited by two internal diodes, connected in parallel and opposite to each other. For more differen- 
tial input range, use differential resistors in series with the input pins. 

3. The maximum operating junction temperature is +150°C. At elevated temperatures, devices must be derated according to the package 
thermal resistance and device mounting conditions. Derates above +25°C: F package at 6.7mW/°C; N package at 9.5mW/°C; D package 
at 6.25mW/°C. 

4. Simultaneous short circuits of two or more amplifiers to the positive or negative rail can exceed the power dissipation ratings and cause. 
eventual destruction of the device. 

5. Guaranteed by design. 





= 


RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER 
Single supply voltage +2 to +5.5 
Dual supply voltage +1 to +2.75 
| Common-mode input voltage (positive) Ven + 0.25 
| Common-mode input voltage (negative) Veg - 0.25 


Temperature 
) NE 0 to +70 


“AO to +85 ——— 










a 
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DC ELECTRICAL CHARACTERISTICS 
Voc = 2 to 5.5V, Veg = OV, Ta = 25°C; Veg < Vom < Voc; unless otherwise stated. 





LIMITS 


SYMBOL | PARAMETER TEST CONDITIONS 


lec Supply current Voc = 5.5V over full 
temperature range 


vo | Offset voltage Over full temperature 


Offset voltage drift with 
[svovs" |frweawe | 


Offset voltage difference 

between any amplifiers in 

the same package at the Over full temperature 
| same common mode level! range 


los Offset current Over full temperature 
range 


Offset current drift with 


VEE < eM, < VEE 


Over full ee 
range 


nA 
ea cect 


Over full temperature 

ee Le ae ee 

Input bias current drift with °C 
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Output voltage swing 
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NOTES: 


Product specification 


NE/SA5234 


weed [| Veet 





1. These parameters are measured for Vege < Voy < Vee+.5V and for Vee+1V < Vou < Voc. By design these parameters are intermediate for 


common mode ranges between the measured regions. 


AC ELECTRICAL CHARACTERISTICS | 
Ta = +25°C; Voc = 2 to 5.5V; Ry = 10k; C_ = 100pF; unless otherwise stated. 
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I. SUMMARY 


The NE/SA5234 is a unique low-voltage quad operational amplifier 
specifically designed to operate in a broadly diverse environment. It 
is an enhanced pin-for-pin replacement for the LM324 category of 
devices. Supply conditions can range from 1.8V to 6.0V witha 
resultant current drain of 2.8mA,-700UA per op amp. 


Most notable are the input and output dynamic range characteristics 
of the individual op amps. The common-mode input voltage can 
actually exceed the positive and negative supply rails by 250mV 
‘with no danger of output-latching or polarity reversal. In addition, the 
output of each op amp will swing to within 50mvV of the supply rails 
over the full supply range. 


The frequency related characteristics are also above average for 
low voltage devices in this class. Internal unity gain compensation 
makes the NE5234 very resistant to any tendency to oscillate in low 
closed-loop gain configurations. Even so, a unity-gain bandwidth of 











2.5Ml is retained. Slew rate is 0.8V/us and each op amp will 
settle to a 1% of nominal level within 1.4us. 


ll. DETAILED DESCRIPTION 


Input Stage — 
The input differential amplifier consists of a compound transistor 
structure of parallel NPN and PNP transistors which account for the 
unique over-drive characteristics of the NE5234. Referring to Figure 
1, itis seen that the NPN pair, Q1 and Q2, allow the input to 
operate in the common-mode input voltage range of 1V above Ver. 
This region is designated the N-mode region in Figure 3a. 
Operation in the common-mode range below 1V transfers the input 
stage into the P-mode of operation. 


In the N-mode operating condition, collector current from Q1 and Q2 
is summed in the output emitter node of Q10 and Q12 respectively. 
Q1’s base is the non-inverting input and Q2’s base the inverting 
input node for the amplifier. 











Figure 1. NE5234 Input Stage 


Linear operation between the two modes is governed by a current 
steering circuit consisting of Q5,6 and 7 in conjunction with voltage 
reference VB1. Operation in the 


N-region of the common-mode range will automatically cause Q5 to 
transfer the IB1 current source to Q7 and the NPN transistor pair Q1 
and Q2. Operation below the 1V level at the inputs allows the 
current from |B1 to be fed directly to Q3 and Q4 emitters giving them 
priority in processing the signal and linearizing their transfer 
function. (The sum of the NPN and PNP input pair currents remain 
constant.) 


Operation in the common-mode range near the positive supply rail 
would normally cause the input stage NPN transistor’s base 
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collector junction to become forward biased (base current flow 
directly to the collector circuit) reversing the collector current flow 
direction. In a conventional op amp, this would have the adverse 
effect of reversing the output signal polarity as the operating region 
is traversed by the input signal. (see Figure 2) 


To prevent this from occurring, large geometry diode-connected 
transistors are cross-connected to the opposite NPN collector, (Q1, 
Q2). This current, in turn, is summed at the emitter of Q12 pulling it 
above the Vcc rail voltage and preventing polarity reversal. The 
inverse condition occurs when Q2 is driven above the positive rail, 
with Q10 emitter being pulled up and signal polarity preserved. (See 
Figure 1) 
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Figure 2. Output Inversion Protection 
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For negative going input signals, which drive the inputs toward the 
Ver rail and below, another set of diode-connected transistors come 
into operation. These steer the current from the input into Q8 or Q9 
emitter circuits again preventing the reversal effect. 


Figure 3 shows graphically how the N and P mode transitions relate 
to the common-mode input voltage and the offset voltage Vos. 


Intermediate Amplifier and Output Stage 

(Figure 4) 

The intermediate stage is isolated from the input amplifier by emitter 
followers | : 

to prevent any adverse loading effect. This stage adds gain to the 
over all amplifier and translates levels for the following class-AB 
current-control driver. Note that lp is the inverting input and |; the 
non-inverting input. The output is taken from multiple collectors on 
the non-inverting side and provides matching for the following stage. 


Class-AB control of the output stage is achieved by Q61 and Q62 
with the associated output current regulators. These act to monitor 
the smallest current of the non-load supporting output transistor to 
keep it in conduction. Thus, neither Q71 or Q81 is allowed to cutoff 
but is forced to remain in the proper Class-AB region. 


Overload protection is provided by monitor circuits consisting of 
R76-D2 for sinking and R86-D3 for sourcing condition at the output. 
When the output current, source or sink, reaches 15 milliamperes, 
drive current to the stage is shunted away from current sources IB6 
or IB9 reducing base current to driver transistors Q72 and Q82 
respectively. 


The prevention of saturation in the output stage is achieved by 
saturation detectors Q78 and Q88. When either Q71 or Q81 
approaches saturation, current is shunted away from the driver 
transistors, Q72 or Q83 respectively. 


lll. CHARACTERISTICS 


Internal Frequency Compensation 

The use of nested Miller capacitors C2 through C6, in the 
intermediate and output sections, provides the overall frequency 
compensation for the amplifier. The dominant pole setting capacitor, 
C2, provides a constant 6dB/octave roll-off to below the unity gain 
frequency of 2.5MHz. Figure 5 shows the measured frequency 
response plot for various values of closed-loop gains. 
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Figure 5. NE5234 Closed Loop Gain vs Frequency 
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Figure 6. Noise Test Circuit 
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lV. NOISE REFERRED TO THE INPUT 

The typical spectral voltage noise referred to each of the op amps in 
the NE/SA5234 is specified to be 25nV/VHz. Current noise is not 
specified. In the interest of providing a balance of information on the 
device parameters, a small sample of the standard NE5234s, were 
tested for input noise current. While this data does not represent a 
specification, it will give the designer a ball park figure to work with 
when beginning a particular design with the device. For 
completeness | have provided the corresponding spectral noise 
voltage data for the same sample. The data was taken using an 
HP3585A spectrum analyzer which has the capability of reading 
noise in nV/VHz. 


The test circuit is shown in Figure 6. As is typical for such 
measurements the amplifier under test is terminated at its input first 
with a very low resistance, for the voltage noise reading, followed by 
the same test with a high value of resistance to register the effect of 
current noise. The amplifier is set to a non-inverting 

closed-loop gain of 20dB. Dual supply operation was chosen to 
allow direct termination of the input resistors to ground. 


The measurements were made over the range from 200Hz to 2kHz. 
Each sample is measured at 200Hz, 500Hz, 1kHz and 2kHz. The 
data is averaged for each frequency and then the small sample 
distribution is derived statistically giving the standard deviation 
relative to the mean. 


Referring to the graph in Figure 7a, the equivalent voltage noise is 
seen to average 18 nV/VHz. The 95% confidence interval is 
determined to be approximately one nV/VHz. The majority of the 
errors which contribute to this measurement are due to the thermal 
noise of the parallel combination of the feedback resistor network, in 
addition to the 10Q termination resistor on the non-inverting input. 
At 300° Kelvin a 10Q resistor generates 0.4. nV/VHz and the 
feedback network’s equivalent resistance of 90Q generates 
1.2nVNHz. Their order-of-magnitude difference from the main noise 
sources allows them to be neglected in the overall calculation of 
total stage noise. 


Noise current is measured across a 47kQ resistor and averaged in 
the same manner. The thermal noise generated by this large 
resistance is not insignificant. At room temperature it is 28nV/VHz 
and must be subtracted from the total noise as measured at the 
output of the op amp in order to arrive at the equivalent current 
generated noise voltage. Figure 7b shows the derived current 
noise distribution for the small sample of 10 NE5234 devices. The 
result shows that noise current in the 200Hz to 2kHz frequency is 
typically 0.2pA/VHz. The 1/f region was not determined for either 
current or voltage noise. 
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En for Rg = 10Q -nV/Hz 
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V. GUIDE LINES FOR MINIMIZING NOISE 


When designing a circuit where noise must be kept to a minimum, 
the source resistances should be kept low to limit thermally 
generated degradation in the overall output response. 
Orders-of-magnitude sheuld be kept in mind when evaluating noise 
performance of a particular circuit or in planning a new design. For 
instance, a transducer with a 10kQ source resistance will generate 
2uV of RMS noise over a 20kHz bandwidth. Using the graphical 
data above, total noise from a gain stage may be calculated.- 


Amplifier Noise Voltage (EQ. 1.) 
25nV/VHz- BW = 3.5uVaus 
BW = 10kHz 
Noise from source 10kQ Resistance — 
Noise Voltage from source resistance (EQ. 2.) 
14nV/VJHz- /BW = 20nVame 
Current generated noise (EQ. 3.) 


0.2pA/VHz - 10° - BW = 0.28uVpuys 


The total noise is the root-to-sum-of-the-squares of the individual 
noise voltages — 


En (3.5) + (2.0) + (0.28)? (EQ. 4.) 


4.04uV ons 


To determine the signal-to-noise ratio of the stage we must first 
choose a stage gain, make it 40dB, and a signal voltage magnitude 
from the transducer which we will set at 1O0mMVpanys. The resulting 
signal-to-noise ratio at the output of this stage is determined by first 
multiplying the gain times the signal which gives 1Vams with a 
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resultant noise of 400MVays. The signal-to-noise ratio is calculated 
as 


S/N 20log,, (1.0/4x10~*) = 68dB (EQ. 5.) 


This is quite adequate for good quality audio applications. 


Next assume that the bandwidth is cut to 3.0kHz with an input of 
1mVpams. The RMS noise is modified by the ratio of the root of the 
noise channel bandwidths. = 


V3xX109 | en K 
¥20x102 


Amplified Noise = 160uVams 
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100x10 =| (EQ. 7.) 


S/N 20 lOG46 [tgoxto~ 


= 56dB 


A 56cB S/N will provide superior voice channel communications . 


Ny 


Rg = 1002 1mVams SIGNAL 


+1.6mVRms NOISE 


Figure 8. 
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Figure 9. NE5234 THD Test Circuits 


Vi. MULTIPLE STAGE CONSIDERATIONS 


Since multiple noise generators are non-coherent, their total effect is 
the root-of-the-sum-of-the-squares of the various noise generators 
at a given amplifier input. 

This makes orders-of-magnitude lower noise sources less important 
than the higher magnitude source. Therefore, when considering the 
combined signal-to-noise of multiple stages of gain, the first stage in 
a chain dominates making its design parameters the most critical. 
For this reason it is good practice to make the preamp stage gain as 
high as practical to boost signal levels to the second stage allowing 
at least an order-of-magnitude above the second-stage noise. For 
instance, a signal input which exceeds the input noise of the 
following stage by a factor of 10:1 will only be degraded by 0.5% or 
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-46qB, neglecting the first-stage noise. If we use the preceding 
example with a first-stage output signal of 1}OOmMVpms and a 56dB 
S/N, and an output noise of 0.16mV. Following this with a 10kHz - 
band limited gain-of-10 second-stage, with a 100kQ noise source at 
the non-inverting input, the combined S/N is calculated as follows: 
(assume a 100Q source resistance from amplifier #1) 


The Second stage output noise is: 


2 
(0.163x10~%)? + (/4KT - 100 - 10,000) | 49 (FO: 8) 


= 1.6mV 
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K = Boltzman’sConstant = 


(EQ. 9.) 
1.38x10 ~23 doule _ 
DegKelvin 
T = 300°K ; BW = 10kHz 
The amplified output signal = 1Vanys 
= : EQ. 10. 
S/N = 20logy, eecacal ( ) 


= 56dB 


Note that there is no effect from the second-stage thermally 
generated resistor noise due to the dominating effect of the 
first-stage amplified noise being much greater than the input noise of 
the second-stage*1n addition the equivalent noise resistance of the 
second-stage is essentially the output resistance of the first-stage 
plus any series resistance used in coupling the two. This is the 
parallel combination of source resistance with input terminating or 
biasing resistance. 


Vil. LOW HARMONIC DISTORTION 


The NE/SA5234 is extremely well adapted to reducing harmonic 
distortion as it relates to signal level and head room in audio and 
instrumentation circuits. Its unique internal design limits overdrive 
induced distortion to a level much below that experienced with other 
low voltage devices. As will be shown, the device is capable of 
operating over a wide supply range without causing the typical 
clipping distortion prevalent in companion operational amplifiers of 
this class, 


A series of tests are shown to allow you to see just how resistant 
this device is to generating clipping distortion. Two different gain 
configurations were chosen to demonstrate this particular feature: 
unity gain non-inverting and 40dB non-inverting. The test set-up 
was as shown in Figure 9. The Harmonic Distortion analyzer used 
to make the measurements was a Storage Technology ST 1700. 
The test frequency is 1kKHz. For single supply operation, as 
previously covered, the amplifier should be biased to half the supply 
voltage to minimize distortion. Operation with dual supplies is 
simpler from a parts count standpoint as isolation capacitors are not 
required. Also the time constants associated with charging and 
discharging these is eliminated . Figure 10a,b and c shows the total 
harmonic distortion in percent versus input voltage level at 1kHz in 
Vrms for a non-inverting, unity gain NE5234. The load on the 
amplifier output is 10kQ. Beginning with a supply voltage of 1.8V 
and an input level of 0.1Vpns, distortion is well below 0.2% ad 
remains there up to an input level just over 0.5VRys (1.4Vp-_p) and 
increases to 0.4% for for 0.6Vaus (1.7Vp.p). 


For a 2V supply, the input levels increase to 0.65Vams and 
0.7Vrms, respectively for similar levels of distortion. With a supply 
voltage of 3.0V the input may be increased to 1VRms before THD 


October 7, 1991 


315 


Application note 


AN1651 


rises to 0.2% and 1.1Vpys for only 0.8% THD. Operation with a 
600Q load will only raise the THD figures slightly . By way of 
comparison, Figure 10c shows the greatly reduced dynamic range 
experienced when an LM324 is plugged into the test socket in place 
of the NE5234. Note that The THD is completely off scale for the 
case of 1.8 and 2.0V supply, then is barely usable for the low level 
end of the 3.0V supply example. Figure 11a, b, and c demonstrates 
the effect on harmonic distortion when closed loop gain is increased 
to 40GB in the non-inverting mode. It is evident that little increase in 
THD levels result. The graphs for the 2.0 and 3.0V supply case also 
include additional information on the effect of a G(00Q load on 
distortion. 
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Figure 10. THD vs Supply Voltage for 1Vays Output 
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Figure 11. THD vs Load 


Vill. GAIN-BANDWIDTH VS CLOSED LOOP FRE- 
QUENCY RESPONSE 


Figure 5 shows the small signal frequency response of the NE5234 
versus closed-loop gain in dB. The test circuit is shown in Figure 6. 
The plot is taken from measured data and thus shows how each 
value of closed-loop gain coincides with the open-loop response 
curve. The NE/SA5234’s open-loop gain response has a uniform 
6dB/octave roll-off which continues beyond 2.5MHz. This factor 
guarantees each op amp in the IC a high stability in virtually any 
gain configuration. In making these measurements, dual supplies of 
+2.5V were used in order to allow a grounded reference plane and 
no coupling capacitors which might cause frequency related errors. 


A critical parameter which affects the reproduction quality of 
complex waveforms is the gain-bandwidth-product of the operational 
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amplifier. Essentially, this is a measure of the maximum frequency 
handling characteristics of any operational amplifier for a given 
closed-loop gain. As is evident from the graph, the NE/SA5234 has 
a 2.5MHz unity gain cross-over frequency — much higher than most 
other low voltage op amps. For comparison, the A741 has a 
gain-bandwidth-product of 1MHz, as do the LM324 and the 
MC3403. 


IX. LOOP-GAIN 


The dynamic signal response of any closed-loop amplifier stage is a 
function of the Loop-gain of that particular stage. Loop-gain is equal 
to the open-loop gain in dB, at a given frequency, minus the 
closed-loop gain of the stage. The greater the Loop-gain, the lower 
the transfer function error of the device. Essentially, any parametric 
error is reduced by the factor of the Loop-gain. This includes output 
resistance and output signal voltage accuracy. It is good practices: 
then to maximize Loop-gain to the degree that stage gain may be 
sacrificed for bandwidth. In some cases it is actually better to use 
two stages of gain in order to preserve signal quality than to use one 
high gain stage. Of course, there is a trade-off between the 
aforementioned factors that affect the signal-to-noise ratio of the 
stage and optimizing the Loop-gain. For example, a voice-band 
audio stage which requires 3kHz bandwidth, should be limited to a 
closed-loop gain of 40dB for lowest distortion in the output signal. 
For higher quality audio applications requiring a 20kHz bandwidth, 
the closed-loop gain must be limited to 20dB. This results ina 
Loop-gain of 20dB at the highest signal frequency. 


A second consideration in the list of frequency dependent 
parameters is the effect of amplifier slew rate. Not only is it 
frequency dependent but it is also a function of signal amplitude, as 
we Shall see in the next section. 


-6dB/Octave 





fs 
Figure 12. 





X. SLEW RATE RESPONSE 

The slew rate of an operational amplifier determines how fast it can 
respond to a signal, and is measured in volts-per-microsecond. The 
NE5234 has a typical slew rate of 0.8V/us. Let us see just what this 
means in terms of signal handling capability. If a sinusoidal input 
signal, Vs, is used as reference, it is specified by its frequency and 
peak amplitude, Vp as follows: 


Vs = Vp sin (2x f t) (EQ. 11.) 
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Figure 13. Slew Rate Limiting Amplitude vs Frequency 
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Slew Rate (SR) is the time-rate-of-change of the signal voltage 
during any complete cycle, that is over the range of 0 to 2x. This 

’ amounts to taking the time derivative of the sine wave which results 
in multiplying the cosine by the factor ‘2zf’. 


An example of the trade off between signal amplitude and frequency 
is shown below for the NE5234 slew rate of 0.8V/us. As shown in 
Figure 13, the maximum allowable amplitude signal which can be 
reproduced is determined by the slew rate response line which gives 
peak output voits versus frequency in Hertz. 


Mathematically, slew rate is determined, by the equation below, as 
the derivative of the sine wave signal. The resultant slew rate 
function changes with both frequency and amplitude. 


Slew Rate = V, (2x f) cos (2m f t) 


Note that maximum slew rate occurs where the input sine wave 
signal crosses the values of 0, 2, and 2x on the radian axis. To get 
a feel for what this means in regards to the typical low voltage 
circuit, let us consider a 1Vays sinusoidal input to a unity gain 
amplifier. The peak voltage in the above equation is 1.414V. One 
can then calculate the required slew rate to faithfully reproduce this 


a required peak signal amplitude, the maximum frequency before 
slew rate limiting occurs may be determined. For example using the 
above amplitude of 1Vanys, and the slew rate of the NE5234 which 
is 800,000V/sec, one determines that the highest frequency 
component which may be reproduced before slew rate distortion 
occurs Is: . 


800,000 V/sec / 2x « 1.414 volts peak = 90,090Hz. A graphical 
representation of this relationship is shown in Figure 13. By using 
this graph along with the information in the preceding Figure 10 and 
Figure 11, which relate usable signal levels versus power supply 
voltage, the dynamic behavior of a particular design may be 
predicted. For instance, given a single supply configuration 
operating at 2.0V, Figure 10b shows an upper limit to input 
amplitude of 0.7Vamys, or about 1V peak for 1% THD. Using this 
level with the data in Figure 13 leads to a figure of 116kHz as an 
upper frequency limit for a unity gain amplifier stage operating at 2V 
DC. 

dV. 


eae Vp wcos wt 


(EQ. 12.) 


= Slew Rate 





signal for various signal frequencies. Or with a given slew rate and 
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Figure 14. Single Supply Biasing in Cascade 





XI. PROCEDURES 


Single Supply Operation 

When the NE/SA5234 is used in an application where a single 
supply is necessary, input common-mode biasing to half the supply 
is recommended for best signal reproduction. Referring to Figure 
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14, a simplified inverting amplifier input stage is shown with the 
simplest form of resistive divider biasing. The value of the divider 
resistance R is not critical and may be increased above the 10kQ 
value shown as long as the bias current does not interfere with 
accuracy due to DC loading error. However the divider junction 
must be kept at a low AC impedance This is the purpose of bypass 
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capacitor Cg. Its use provides transient suppression for signals 
coming from the supply bus. A low cost 0.1pF ceramic disk or chip 
capacitor is recommended for suppressing fast transients in the 
microsecond and sub-microsecond region. 

Foil capacitors are simply too inductive for any high frequency 
bypass application and should be avoided. If low frequency noise 
such as 60HZz or 120HZz ripple is present on the supply bus, an 
electrolytic capacitor is added in parallel as shown. The 
common-mode input source resistance, Rg, should also be matched 
within a reasonable tolerance for maximizing the rejection of induced 
AC noise. 


The output of the first stage is now fixed at the common mode bias 
voltage and the amplified AC signal is referenced to this constant 
value. Capacitive coupling to the inverting input is of course 
required to prevent the bias voltage from being multiplied by the 
stage gain. Second stage biasing may now be provided by the 
output voltage of the first stage if non-inverting operation is used in 
the former. For lowest noise in a high gain input stage, the 
magnitude of the input source resistance is critical; low values of 
resistance are preferred over high values to minimize thermally 
generated noise. 


Non-Inverting Stage Biasing 

Non-inverting operation of an amplifier stage with single supply is 
similar to the previous example but the bias resistor Rs must now be 
sufficiently high to allow the signal to pass 

without significant attenuation. The input source resistance reflects 
the output resistance of the preceding stage or other sourcing 
device such as a bridge circuit of relatively high impedance. A 
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simple rule of thumb is to make the bias resistor an order of 
magnitude larger than the generator resistance. Again the feed 
back network must be terminated capacitively. In this case R1 and 
the generator resistance should be matched and then Rg is matched 
to the feedback resistance ,Rr. 


In all cases proper bypassing of the NE5234 supply leads (Pins 4 
and 11) is very important particularly in a high noise environment. 
Bypass capacitors must be of ceramic construction with the shortest 
possible leads to keep inductance low. Chip capacitors are superior 
in this respect complimenting the increased use of surface mounted 
integrated devices. Note that both the NE5234D and the automotive 
grade SA5234D are available and are the surface mount versions of 
the device. 





4 


Figure 15. Non-Inverting Biasing 
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S.G.: Matched Strain Gauge elements 





Figure 17. Strain Gauge Amplifier 
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Solar Regulator 





APPLICATIONS EXAMPLES 


Instrumentation 


Strain Gauge Bridge Amplifier 

The circuit below shows a simple strain gauge circuit with a gain of 
100 (40dB) and operated from a single supply. The chart illustrates 
the transfer function of the circuit for a single order-of-magnitude 
signal differential range from the bridge beginning with 5mV up to 
50mV. The circuit is operated from a single 5V supply, but could 
equally as well be configured to use a duai balanced supply. !t is 
immediately evident that the wide common-mode output range of 
the NE5234 is very advantageous in handling this wide range of 
signals with good linearity due to this feature. 


A variation on this particular idea is the remote strain gauge circuit 
operating from a three wire line, one of which is the shield. This 
full-differential input circuit has balanced 


input resistance to afford good common-mode noise rejection 
characteristics. Resistors are metal film or deposited carbon. 
Supply leads must be carefully bypassed ciose to the NE/SA5234 
with ceramic or chip monolithic capacitors to give optimum noise 
performance. As shown, an auxiliary sub-regulator may be added to 
improve the overall DC stability of the bridge signal voltage. A 
regulator capable of providing the necessary few milliamperes at 
somewhat reduced voltage for the transducer is shown in one of the 
following examples. This makes use of one of the op amps :n the 
same device package to provide the voltage regulation. Note that 
the use of multiple op amps within a single package minimizes the 
possibility of thermal drift and mismatched response from various 
DC parameters. 
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Multiple sets of transducers may be constructed from The 
NE/SA5234 or the NE5234D surface mount device to forma 
compact and stable instrumentation package. This is useful for 
. transducer applications in 


the measurement of pressure, strain, position and temperature, 
which have similar circuit configurations. First order temperature 
compensation of the transducers such as semiconductor strain 
gauges, or resistive units may be achieved by using one of the 
gauges as a reference device only. It is thermally coupled to the 
same member as the active gauge, as shown in the example. 
(Figure 18) 


A 4 to 20mA Current Loop 

Some instrumentation installations require the 4-20mA current loop. 
This addition to the above bridge transducer circuit examples is 
demonstrated in Figure 16. 


This circuit makes use of the remote transducer bridge previously 
described and adds current loop signaling capability. The 
voltage-to-current converter consists of an additional op amp from 
the same NE/SA5234 package combined with a single transistor to 
drive the current loop. The sensitivity is actually in mA/V, or 
transconductance, which is equal to 1/Rsy4. This sensitivity in this 
particular example is set to 4mA/V. Thus, with a bridge amplifier 
having a differential gain of 100, an input of 10mV will produce a 
4mA output current and 50mV will produce a 20mA output. Of 
course the line resistance pius receiver resistance must be within 
the voltage compliance range of the supply voltage to guarantee 
linear operation over the total range. A negative supply may be 
used if it is preferred to have the current loop referenced to ground. 
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DC Regulators and Servos 


Closely related to DC and low frequency AC linear transducers are 
DC regulators and servo circuits. The proliferation of many battery, 
and solar powered remote instrumentation packages results in a 
need for adaptable circuits which may readily be made up from 
existing stock ICs. The examples given here are quite simple, but 
can be very useful to the designer when economy and size are ata 
premium. 


Solar Regulator for 3-Volt CMOS 


Working with small instrumentation packages which are to operate 
from solar photovoltaic cells may bring a need for simple 
sub-regulators for MOS circuits requiring only a few milliamperes of 
drain current. Figuré_19 shows a simple low voltage regulator 
making use of the particularly excellent DC characteristics of the 
NE/SA5234. The regulator becomes an integral part of any 
functional analog signal processing package such as an 
environmental data instrumentation unit. The low current drain of 
the the typical 3V or 5V MOS digital IC allows one sub regulator to 
serve up to 10 or more such devices. If the instrument package is to 
be subjected to wide temperature variations, the SA5234 is 
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recommended. A second op amp in the package may serve as a 
low battery alarm with tone modulator as in radio links, or simple 
logic level comparator. Overcurrent protection is easily added within 
the regulator loop to detect short circuit failures and automatically 
limit the current. 


DC Servo-amps 


Servo control systems for low voltage motor drives require high 
gain-accuracy and good DC stability for many applications. 
Applications such as the position control of air flow vanes, servo 
valves, and optical lenses or apertures, are typical examples. 

Figure 20 demonstrates one simple DC motor servo application with 
position control feedback. The motor is a 3V permanent magnet 
rotor type used in micro-position applications and is adaptable to 
baitery supply environments. 


| Position information is received from a multi-turn potentiometer to 


give adequate resolution. The input voltage may be generated fram 
another potentiometer which is remote from the motor drive unit 
proper, or from a D/A converter output for micro processor controlled 
systems. The input voltage range is 1.0 to 3.0V and the supply 
voltage is 4.5V. 
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Figure 20. Full Bridge Motor Drive 
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Active filters 

The NE5234 is easily adapted to use in a variety of active filter 
applications. Its high open-loop gain and excellent unity gain 
stability make it ideal for high-pass, 

band-pass and low-pass configurations operated with low voltage 
single supplies. Its low output impedance also makes it capable of 
obtaining low noise operation without resorting to separate high 
current buffers. 


Figure 21a shows the circuit for a VCVS low-pass filter with dual 
supply biasing and 600Q output termination. Figure 2ibisa 
band-pass filter with AC coupled gain network for single supply 
operation. 


Communications and Audio 


Stereo Bridge Amplifier 
Figure 22 shows two NE5234 ICs in a bridge amplifier application. 


The choice of split supplies allows DC coupling, both from the input 
signal source and to the load. The gain is set to a nominal 20dB. 
Either inverting or non-inverting operation is available. The inverting 
input impedance is chosen as 600Q in order to match standard 
audio impedance lines within a system. The use of two such 
amplifiers will provide stereo operation to +10dBm for a 600Q load. 


Voice Operated Microphone 


The processing of voice transmissions for communications channels 
is generally coupled with the need for keeping the signal-to-noise 
ratio high and the intelligibility optimized for a given channel 
bandwidth. In addition, when a circuit is battery operated and 
portable, the requirement to obtain maximum battery life becomes 
important. The circuit example shown here is aimed at filling the 
need for a portable voice operated transmitter, cordless phone, or 
tape recorder. It utilizes the Philips Semiconductors NE5234 quad 
Op amp in conjunction with the new low-voltage NE578 compandor 
to create an audio processor. capable of operating in just such an 
environment. Both devices are operational to a low battery voltage 
of 2.0V. In addition the design further conserves current by 
automatically shifting the NE578 compandor to standby during the 
period when no transmissions are being made. Total current 
consumption at 3.0V is 2.8mA for the NE5234. In the active mode 
the NE578 draws 1.4mA and this drops to 170pA in the standby 
mode. This amounts to reducing the supply current demand by 
approximately 25% in the ‘listen mode’. 


Figure 23 shows the VOX audio circuit example. A description of 
its operation for voice activated transmission follows. 


Audio generated by the electret microphone is fed into the 
non-inverting input of preamp A1 and the signal amplified by 12dB. 
The biasing is accomplished by the resistive divider which provides 
a level of half the supply voltage which is connected through a 100k 
resistor to the non-inverting terminal of A1. This automatically 
provides ratiometric common mode biasing set at Vcc/2 for the 
device. This level is then transferred directly to the following 
amplifier, A2, setting its DC operating point. The DC gain of both 
stage A1 and A2 are unity so the cumulative DC error is not 
multiplied by stage gain. The peak voice level is approximately 
100MVpwms at the input to A1 from the microphone and this is 
boosted to 400mVpys. The feedback network gain has a low 
frequency corner at 160Hz and is flat up to the intersection of the 
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closed loop gain with the open loop gain curve at nearly 500kHz. 
This would increase the noise bandwidth to an excessive degree 
unnecessary for voice channel communication. A band limiting 
network is, therefore, inserted across the feedback resistor to limit 
response to a nominal 5kHz. 


Amplifier stage A2 is used to provide high level audio to the 
rectifier-filter stage for the rapid generation of a DC control signal for 
operating the voice activated switch function. Stage A2 gain is set 
to 20aB in order to allow activation of the voice channel on the rising 
edge of the first voice syllable. An attack time of 20ms is 
implemented by adjusting the input charging impedance (Rs) 
between the rectifier and the A2 amplifier output. AC coupling must 
be used to isolate the DC common-mode voltage of the amplifier 
from the rectifier/storage capacitor and to allow only audio 
frequencies to drive the switching circuit. Amplifier A3 provides a 
high impedance unity gain buffer to allow a very slow decay rate to 
be applied to the time constant capacitor, C7. The output of the 
storage capacitor reaches approximately 3.2V for a 250ms duration 


_ 600HZz burst signal. Diode D1 (1N914) provides a negative clamp 


action which forces the full peak-to-peak voltage from A2 to charge 
the storage capacitor. D2 then acts to charge the capacitor to the 
peak input voltage minus one diode drop, 0.7V. Finally, the buffered 
DC control signal is fed to A4 which acts as a threshold comparator 
with extremely high gain and controlled hysteresis. This provides a 
positive going signal for releasing the NE578 from its inhibit mode 
when voice input is present. The NE578 is switched from standby 
mode when voice input is present. The NE578 is switched from 
standby mode to the active state by raising the voltage on Pin 8 of 
the device above 2V. Shutting the audio channel off requires this pin 
to be driven below 100mV. This demands the extremely wide output 
voltage swing of the NE5234 in order to reach this near to the 
negative rail voltage. The voltage threshold of the comparator, A4, 
is adjustable by use of the sensitivity control, Rg. It is used to allow 
the activation level to be raised or lowered depending upon the 
ambient audio level in the transmitter vicinity. 
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| b. VCVS Band Pass Filter 
Figure 21. Active Filters 
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Figure 22. Stereo Bridge Amp 
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Figure 23. VOX Audio System 


Other critical parameters in this type of circuit are the attack and 
decay times of the RC network which controls the operation of the 
voice operated switch. Attack time determines how quickly the 
circuit activates after a quiet period, and the decay time sets how 
long the transmitter channel stays active between words. It is 
important to reach an optimum balance between the two time 
constants in order to allow unbroken transmissions of good quality 
and no lost syllables. A 100 to 1 attack/decay ratio is used in this 
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particular application and this is primarily set by the value of Ra and 
Rp. A typical delay of two seconds is easily accomplished. Due to 
extremely high input impedance of the buffer stage A3, Rp may be 
in the 1 to 2MQ range allowing a reasonable value of storage 
capacitor to be used. 


The Audio Channel 
Audio input from the preamplifier, A1, is fed directly to Pin 14 of the 
NE578 compandor. Referring to Figure 24, which shows the 
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internal diagram of the device, it can be seen that this is the 
compressor portion of the NE578. There is the option in this system 
to operate either in a 2:1 compressor mode or an automatic level 
control mode, (ALC). The compressor mode simply makes a 2:1 
reduction in the amplitude dynamic range of the input signal and 
brings it up to the chosen nominal 0dB output level which is 
programmable from 10mMVpams to 1V_ms. In this particular example 
itis programmed for a OGB level of 0.42VRys which is approximately 
1Vp.p. This allows for a standardized output level with good 
characteristics for FM modulation where peak deviation must be 
controlled. Figure 25 shows the input-output characteristics of the 
compressor and ALC. 

The compressor also has an attack time determined by capacitor C6 
on Pin 11. Attacktime is 10k * C6, decay time equals four times this 
value. An auxiliary amplifier stage is used following the NE578 in 
order to allow bandwidth and special forms of equalization to be 
implemented. Note that 2:1 compression in a transmission will 
enhance the channel dynamic range and may be used with no 
further processing at the receiver, but feeding the received signal 
through the complimentary 2:1 expandor will achieve even greater 
enhancement of the recovered audio. The NE578 contains both 
operations in the same package. Please refer to Philips 
Semiconductors applications note AN1762 by Alvin K. Wong for 
complete information on these compandor circuits using the NE578. 


Fiber Optic Receiver for Low Frequency Data 

(Figure 26) 

This application makes use of the NE/SA5234 to detect photo-optic 
signals from either fiber or air transmitted IR (Infra-red) pulses. The 
signal is digitally encoded for the highest signal-to-noise ratio. The 
received signal is sensed by an IR photo diode which has its 
cathode biased to half the supply voltage (2.5V). The first gain 
stage is configured as a transimpedance amplifier to allow 
conversion from the microampere diode current signals to a voltage 
output of approximately 10mMVo.p. The second stage provides a 
gain-of-ten amplifier to raise this signal level to 1V peak amplitude. 
This stage is directly coupled from the preamplifier stage in order to 
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Figure 24. Block Diagram of NE578 Test and Application Circuit 
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provide the necessary common-mode voltage of 2.5V. Its gain 
control network is capacitively coupled to prevent DC gain as is 
required in single supply configurations. Since this is essentially a 
pulse gain stage, low frequency gain below the signal repetition rate 
is not needed. The third stage acts in a limiting amplifier 
configuration and its output is squared to swing approximately 5V, 
the standard TTL level. Again common-mode biasing is passed 
along from each of the stages up to the last in order minimize parts 
and simplify circuit layout. The final stage is a simple buffer 
amplifier to allow the receiver to drive a low impedance long wire 
line of 6(00Q to 900Q resistance. Some rise time response 
adjustment may be required. This is easily achieved following stage 
three by using Ry-Cr to limit the rate of change of the signal voltage 
prior to the buffer. Note that the last stage acts as a zero-crossing 
detector. This maximizes noise immunity by allowing a transition 
only after the third stage output voltage has risen above 2/3Vcc. 
Phase inversion may be accomplished, if the logic level signals:are 
polarity reversed, by making stage 3 inverting and AC coupling the 
input signal with a sufficiently large capacitor to reduce droop. 
Stage 3 must then be biased by connecting its non-inverting node to 
bias point ‘A’. This provides a 2.5V threshold for the proper 
switching operation of the stage. However, care must be taken not 
allow the network’s time constant to become code dependent as to 
the average low frequency signal components or errors will result in 
the output signal. 


The advantage of this particular circuit is that it has the simplicity of 
single supply operation along with the capability of a large output 
swing making it fully TTL compatible 


REFERENCES: 


Philips Semiconductors. Linear Data Manual, Volume 2 : Industrial. 
Sunnyvale: 1988. 


Wong, Alvin K. Companding with the NE577 and NE578..Philips 
Semiconductors Applications Note AN1762 : September 1990. 
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Figure 26. Fiber Optic Data Receiver 
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Figure 27. Half Bridge Servo 
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DESCRIPTION PIN CONFIGURATION 
The NE/SE5539 is a very wide bandwidth, high slew rate, monolithic 
operational amplifier for use in video amplifiers, RF amplifiers, and D, F, N Packages 
extremely high slew rate amplifiers. . 


Emitter-follower inputs provide a true differential input impedance 
device. Proper external compensation will allow design operation 
over a wide range of closed-loop gains, both inverting and 

non-inverting, to meet specific design requirements. | ar OuENc’ 


NC 





FEATURES VosADJ 
® Bandwidth ~ Me ae 
— Unity gain - 350MHz 
— Full power - 48MHz GROUND 
- GBW - 1.2GHz at 17dB 


® Slew rate: 600/VUs | | Top View 
® Avo: 52cB typical 
© Low noise - 4nVVHz typical 














® Satellite communications 

. . , ® Image processing 

® MIL-STD processing available 

® RF instrumentation & oscillators 


® Magnetic storage 


APPLICATIONS 


® Military communications 
@ High speed datacom 


® Video monitors & TV 


ORDERING INFORMATION 





14-Pin Plastic Dual In-Line Package (DIP) 
14-Pin Plastic Small Outline (SO) package 
14-Pin Ceramic Dual In-Line Package 
14-Pin Ceramic Dual In-Line Package 































ABSOLUTE MAXIMUM RATINGS" 


SYMBOL PARAMETER RATING UNITS 
Supply volags 


PpomMaAXx Maximum power dissipation, 
Ta = 25°C (still-air)? 
F package 1.17 W 
N package 1.45 W 
D package 0.99 WwW 
Operating temperature range 
Ta NE 0 to 70 °C 
SE -55 to +125 °C 


Storage temperature range -65 to +150 
Max junction temperature 
Lead soldering temperature (TOsee max) 


NOTES: 
1. Differential input voltage should not exceed 0.25V to prevent excesive input bias current and common-mode voltage 2.5V. These voltage 
limits may be exceeded if current is limited to less than 10mA. 
2. Derate above 25°C, at the following rates: 
F package at 9.3mW/°C 
N package at 11.6mW/°C 
D package at 7.9mW/°C 
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EQUIVALENT CIRCUIT 


oO (12) FREQUENCY COMP. 
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DC ELECTRICAL CHARACTERISTICS 
Voc = +8V, Ta = 25°C; unless otherwise specified. 
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DC ELECTRICAL CHARACTERISTICS (Continued) 
Voc = +8V, Ta = 25°C; unless otherwise specified. 


' SABANICTER Be sr | ss SE5539°—- | = CNESS3O 
ne | PARAMETER esas CMIN | TYP | MAX | MIN | TYP | MAX | 
. R_ = 1502 to GND and | +Swing 42.3 | +2.7 
hae 25Q to GND +Swing +2.3 | +3.0 
y, Suu vasgeeun _ Over temp -Swing -1.5 -2.1 
u 
OUT P eee A= 250 to GND | 2Swing 1225 1 231 
os 25°C -Swing -2.0 -2.7 


| Seteictat ete i) n= oe 0 Mime eepOVen temp 2 ai) == =] ag — = 
CN Der oie taaare a ae 8) 


. Iwovatvesumyanen fo vo=aRis=overmme fp a pet  .  , 
A OO 


eee sai 


: ; Vo = +2.3V, -1.7V, Ry = 1502 to 

AvOL alge anetvorge ga GND, 470 to -Vcc fff a | se | sr | 
Over 

Vo = +2.3V, -1.7V temp aoe 


Ry = 200t0 GND Pt eS 
x : Over 
Large signal voltage gain VOo een a e 
| R= 29 to GND 


DC ELECTRICAL CHARACTERISTICS 
Voc = +6V, Ta = 25°C; unless otherwise specified. 
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AC ELECTRICAL CHARACTERISTICS 
Vec = +8V, Rr = 150Q to GND and 470Q to -Vcc, unless otherwise specified. 


syMB0L| PARAMETER ee ee 


co 

BW__|Gan bandwidth product | Aa=7Vo=0lVer | _ 

[Small signal bandwidth | _Acr=2 Ar= 15001 |__| 110 
[Settingtime Si Ae = tsoat «| —«dCit 


W 
ts 
SR 
[Tinputroisevotage sf —=«Rg=50R,MHe «| id | 
| inputnoise current MHz 


NOTES: 
1. External compensation. 





AC ELECTRICAL CHARACTERISTICS 
Voc = t6V, Rr = 1502 to GND and 3902 to -Vcc, unless otherwise specified. 







SYMBOL PARAMETER TEST CONDITIONS [MIN | TYP] 







Gainbanawiath promt | Aaa? id SSSSC—~dCSCOOCdDSSCSC 
BW : MHz 
Smallsignalbandwidh | Aa=a «dt —SOSCSC~—~wSSSdC 
Setting time ee eee ee 
[sr [Sewrato Si SSC CdSSCSC~C~S Sid SSC~*dC 
-roneyaionooly 0 
[|Full powerresponse___[ Ages | id 20 id 





NOTES: 
1. External compensation. 


TYPICAL PERFORMANCE CURVES 


NE5539 Open-Loop Phase NE5539 Open-Loop Gain 
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TYPICAL PERFORMANCE CURVES (Continued) 
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_ CIRCUIT LAYOUT CONSIDERATIONS Bread-boarding is not recommended. A double-sided copper-clad 
As may be expected for an ultra-high frequency, wide-gain printed circuit board will result in more favorable system operation. 
bandwidth amplifier, the physical circuit is extremely critical. An example utilizing a 28dB non-inverting amp is shown in Figure 1. 
| 
| OPTIONAL 
OFFSET 
ADJ. 
4V O— “W/o -V 
! Rs A 
| ; R4 
| 
| a 75 7 
ve R3 752 
75 Ww © VOUT | TERM 
VIN | 
R2 
75 
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Ry = 752 5% CARBON Rs = 20k TRIMPOT (CERMET) RFC 3T # 26 BUSS WIRE ON 

Ro = 75 5% CARBON RF = 1.5k (28dB GAIN) FERROXCUBE VK 200 09/3B CORE 

Rg = 75Q. 5% CARBON Rg = 4702 5% CARBON BYPASS CAPACITORS 





| R4 = 36K 5% CARBON inF CERAMIC 
(MEPCO OR EQUIV.) 
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Figure 1. 28dB Non-Inverting Amp Sample PC Layout | 
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NE5539 COLOR VIDEO AMPLIFIER the top of the staircase. The maximum differential phase shown in 

The NE5539 wideband operational amplifier is easily adapted for Figure 5 is approximately +0.1°. 

use as a color video amplifier. A typical circuit is shown in Figure 2 The amplifier circuit was optimized for a 75Q input and output 

along with vector-scope1 photographs showing the amplifier termionation impedance with a gain of approximately 10 (20dB). 

differential gain and phase response to a standard five-step ; 

modulated staircase linearity signal (Figures 3, 4 and 5). As can be NOTE: . i 

seen in Figure 4, the gain varies less than 0.5% from the bottom to 1. The input signal was 200mV and the output 2V. Vcc was +8V. 
ee 


750 | 




















|}-— 


= —V | 22nF 
= toi 


Figure 2. NE5539 Video Amplifier 























Figure 3. Input Signal Figure 4. Differential Gain <0.5%. 














NOTE: 
Instruments used for these measurements were Tektronix 146 NTSC test signal generator, 520A NTSC vectorscope, and 1480 waveform 
monitor. 
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Figure 5. Differential Gain +0.1° 





2K 
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CLEAR 
= 1.5pF 
Figure 6. Non-Inverting Follower 








3.3pF 
Figure 7. Inverting Follower 
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DESCRIPTION PIN CONFIGURATION 
The NE5592 is a dual monolithic, two-stage, differential output, | 
wideband video amplifier. It offers a fixed gain of 400 without 
external components and an adjustable gain from 400 to 0 with one 
external resistor. The input stage has been designed so that with the 
addition of a few external reactive elements between the gain select 
terminals, the circuit can function as a high-pass, low-pass, or 
band-pass filter. This feature makes the circuit ideal for use asa 
video or pulse amplifier in communications, magnetic memories, 
display, video recorder systems, and floppy disk head amplifiers. 





D, N Packages 


FEATURES . 
@ 110MHz unity gain bandwidth 


® Adjustable gain from 0 to 400 





® Adjustable pass band 


® No frequency compensation required : APPLICATI ONS 


® Wave shaping with minimal external components © Floppy disk head amplifier 


® Video amplifier 
® Pulse amplifier in communications 
® Magnetic memory 


® Video recorder systems 


ORDERING INFORMATION 


DESCRIPTION | TEMPERATURE RANGE | ORDERCODE | DWG# | 


14-Pin Plastic Dual In-Line Package (DIP) 0 to 70°C NE5592N 0405B 
14-Pin Small Outline (SO) package Oto70°C tj. NE5592D 0175D 





EQUIVALENT CIRCUIT 









O OUTPUT 1 


©O OUTPUT 2 
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ABSOLUTE MAXIMUM RATINGS 
Ta=25°C, unless otherwise specified. 
——s 













Common mode Input volage 
Output curen 


A 
Operating temperature tange | e | 


Storage temperature range -65 to +150 


_| Maximum power dissipation, 
-~ | Ta=25°C (still air)! 

D package 

N package 






NOTES: 

1. Derate above 25°C at the following rates: 
D package 8.3mW/°C 
N package 11.9mW/°C 


DC ELECTRICAL CHARACTERISTICS 


Ta=+25°C, Vog=t6V, Voy=0, unless otherwise specified. Recommended operating supply voltage is Vg = +6.0V, and gain select pins are 
connected together. 


| LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNITS 
jsvweo.] ——parawerer = |—=esrconomons = FHS 


Tava, _[Diferentiaivotage gain _——+4|———~SC*iL=2KDVour=BVew ———_—*+|-400_| 480_| 600 | VN 
[ny [inputresistance CC OOOS™SOSOSCTC SP | 
v 


3 Vom + 1V, f<100kHz 


PSRR Supply voltage rejection ratio AVs= + 0.5V “50 


VouT=1 Vp-p; f=100kHz 
Channel separation (output referenced) R_=1kQ 


Output offset voltage Ry =c° 
gain select pins open Ry 


IN 
Os 
CM 


V 
V 


VouT 


Output resistance 


Power supply current 
(total for both sides) 


Oo 
Cc 
4 


Q 
ve) 
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DC ELECTRICAL CHARACTERISTICS 
Vsgs=t6V, Vom=0, 0°C < Ta < 70°C, unless otherwise specified. Recommended operating supply voltage is Vs = +6.0V, and gain select pins are 
connected together. 


























Avor [Differential votagegain |= CL=2KVouT=BVe>_————=«| «850+ 490_| 600 | 
in _[inputresistance COP C“C~*‘“s*s‘“‘S;SSC*‘édsC 91':«dT:C AT C[| CT COC 
[los __inputoffsetcurent | CCC™C™~C~C—C;CSCSCSsSYTSSCSdYS Sd A 
Tiss _[inputbiascurent TS SCSC~C~—CsCSC~idTSSCdYSS dT TA 
Win _[inputvotagerange TS CCSCSC~C‘C~C~C~SCSCSC~‘ TO TCT 
a a 
[PSRR_ [Supply voltagerejectionratio =| —SCAVaezOSV CT OTST TSC 
a 
Vos Output offset voltage 

gain select pins connected Rj =0° 1.5 V 

together 

gain select pins open Ry =00 1.0 | V 
Vour _[Outputdifferential votageswing [| =e SSSC*«dSCBSTST 
loc Power supply current 
Y*icmreonsaes | ee LE 





AC ELECTRICAL CHARACTERISTICS 
Ta=+25°C Vgg=+6V, Voy=0, unless otherwise specified. Recommended operating supply voltage Vs=+6.0V. Gain select pins connected 





















together. 

| Min | Typ | Max | 
Bandwidth Vour=iVp-p a ee 
[te __| Rise time Ts [20 [os | 
tep | Propagation delay Vout=1Vp-p pt 5 12 | ns 








TEST CIRCUITS T,=25°C unless otherwise specified. 


Vg =+6V Ta = 25°C 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

















Common-Mode Rejection Ratio Output Voltage Swing as a Channel Separation as a 
; 100-5 as a Function of Frequency . Function of Frequency Function of Frequency 
9 2 oP HET TU 
: a5 i Via a 
ee ee TT, : 
6 eof | II | tit | G q 
: eta E : 
a 2) uw 
uw = S 
8 2 2 z 
= = 2 
5 3 = 
s oO 
= 
ss} 0 

10° 106 107 108 10 = =6109 108 407 108 

FREQUENCY — Hz FREQUENCY — Hz . FREQUENCY — Hz 











Differential Overdrive Pulse Response as a Pulse Response as a 
Recovery Time Function of Supply Voltage Function of Temperature 
1. 





RL = 1k 


ee igre 
EH ye VS =+6V 

i aera 
Ba) aukcce 


0 40 80 120 160 200 -15-10 -5 0 5 10 15 20 25 30 35 -15-10 -5 0 5 10 15 20 25 30 35 
DIFFERENTIAL INPUT VOLTAGE—mv TIME—nS TIME—nS 


OUTPUT VOLTAGE—V 





OVERDRIVE RECOVERY TIME—ns 







Voltage Gain as a Gain vs Frequency as a Voltage Gain as a 

















i Function of Temperature ie Function of Temperature ee Function of Supply Voltage 
9 “}_+++1 1 1 _ PL LE TU ET a ioe eee 
J 2 vsesev eee ae || F = t00KH2 —— 5, 
< og(_+>_| [| AL = tka 5 ror + (CTA a TT Ta = 250c ee 
go OST f= 1MHz i a bi 
# 4 SI , 1 FIC HIBNITTT 1 ote ets 
< S : o 
eS : § TT TT Per 
$ Ww So cil 
wi -0.4 < 30 Ss rl 
q 08 fs 5 4 i 

yy a pao lile stale Wail Ml 

i a a 10° = 1082S 107 108109 3 





TEMPERATURE: °C FREQUENCY — Hz | SUPPLY VOLTAGE—V 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Gain vs Frequency as a Phase vs Frequency as a Voltage Gain as a 
Function of Supply Voltage Function of Supply Voltage Function of Rapy 


Pa Ree 


Ri = 1kQ 


FCN 
TICLNY Le ve= 
eT 
TI 


ST Sal 










I 
< 
So 
wi 
< 
= 
Oo 
> 





PHASE SHIFT — DEGREES 
S) 





10 Core ooo 


5 496 7 8 9 5 6 7 8 9 1071 
" pe as is " ov n “ - ag 1 10 10% 104 103 109 108 
fFREQUENCY—Hz fFREQUENCY—Hz Rapy — OHMS 
Supply Current as a Supply Current as a Output Voltage Swing and Sink 
Function of Temperature Function of Supply Voltage Current as a Function of Supply Voltage 
gS a 

















a ae eee Dg 
< < £ 
=] be 
i L = i 
ny 4 fs a 
Z z ae 
ied ae : BE 
oa [7 ” E 5 
} 
} 
|| 
as 0 10 20 30 40 50 60 70 
TEMPERATURE — °C SUPPLY VOLTAGE - +V a SUPPLY VOLTAGE - +V 
Output Voltage Swing as a Input Resistance as a Input Noise Voltage as a 
Function of Load Resistance ie Function of Temperature Function of Frequency 
ial eee 
b a a 
j a I : =a ie a a a 
Z CP TCI mi 5 0 ee 
ee ese Te Z e EE 
< jf fo F100 R= 1000 
SESE ee Te ee ae 
S = fee ea OF ee Ee Pe il 
: SmI Act : 2 A 
0 7-5 a a a a ee ee 
0 10 20 30 40 50 60 70 1 102 104 10° 108 4910 








LOAD RESISTANCE — OHMS TEMPERATURE — °C FREQUENCY — Hz 
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DESCRIPTION 
The NE592 is a monolithic, two-stage, differential output, wideband 
‘video amplifier. It offers fixed gains of 100 and 400 without external 
components and adjustable gains from 400 to 0 with one external 
resistor. The input stage has been designed so that with the addition 
of a few external reactive elements between the gain select 
terminals, the circuit can function as a high-pass, low-pass, or 
band-pass filter. This feature makes the. circuit ideal for use as a 
video or pulse amplifier in communications, magnetic memories, 
display, video recorder systems, and floppy disk head amplifiers. 
Now available in an 8-pin version with fixed gain of 400 without 
external components and adjustable gain from 400 to 0 with one 
external resistor. 


= 


FEATURES 
® 120MHz unity gain bandwidth 


® Adjustable gains from 0 to 400 

® Adjustable pass band 

® No frequency compensation required 

® Wave shaping with minimal.external components 


®@ MIL-STD processing available 


BLOCK DIAGRAM 


PIN CONFIGURATIONS 


Product specification 


NE592 

















D, N Packages 












































| INPUT 2 INPUT 14 

NC NC 

Gop GAIN SELECT ee GAIN SELECT 
G1pB GAIN SELECT G4,a GAIN SELECT 
V- V+ 
NC NC 
OUTPUT 2 OUTPUT 14 
TOP VIEW 
D, N Packages 
INPUT 2 | 1 > Ee INPUT 1 
GiB GAINSELECT | 2 G1, GAIN SELECT 
v- |3 \ A 6) V+ 
output 2 | 4 5| OUTPUT 1 
TOP VIEW 
APPLICATIONS 
® Fioppy disk head amplifier 
® Video amplifier 
® Pulse amplifier in communications 
® Magnetic memory 
® Video recorder systems 
® ® e oO +¥ 
R1 3 R2 $ R8 mae R9 
Q6 
¢——{Cas 
e -9 Q4 a2 
R11 
—O OUTPUT 1 
ae 
R12 OUTPUT 2 














INPUT 2 
INPUT 1 Qi a2>}-o 
G1A G1B 
R3 R5 
G2A G2B 
Q7B 
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ORDERING INFORMATION 


[___vesonon | anenaron marae [onsen cone [owe 
[8-Pin Plastic Dual In-Line Package (DIP) dT Ct 70S | SNESOZNG | 0404B 
8-Pin Smalll Outline (SO) package | Otox7orc Cs] SCNESQ2DB T1740 


NOTES: 
N8, N14, D8 and D14 package parts also available in “High” gain version by adding “H” before 
package designation, i.e., NE592HDB 
















ABSOLUTE MAXIMUM RATINGS 


Ta=+25°C, unless otherwise specified. 


ee Sa OD 
Tn Diferetialinputvotags——SSSCSCSC~—“—S~“~“*“—*~“‘“iCSC“~< SSC“ 
[vow | Common-modeinputvotags———SSSCSCS~SCSC—SCd 
our —*Y| Outputcurent —SOSC—CSCSsSSSSCCd ma 
Ta] Operating ambientiomperatuerange—=~=~*~“‘*~*sdSCS*~“‘ OC~C~*S(“‘ON’#COC#*#”’ 


Maximum power dissipation, 
Ta=25°C (still air)! 

D-14 package 

D-8 package 

N-14 package 





N-8 package 


NOTES: . = 
1. Derate above 25°C at the following rates: 

D-14 package at 7.8mW/°C 

D-8 package at 6.3mW/°C 

N-14 package at 11.5mW/°C 

N-8 package at 9.3mW/°C 
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DC ELECTRICAL CHARACTERISTICS 


Ta=+25°C Vos=+t6V, Vom=0, unless otherwise specified. Recommended operating supply voltages Vg=+6.0V. All specifications apply to both 
standard and high gain parts uniess noted differently. 


SYMBOL 


Avot Differential voltage gain, 
| standard part 
Gain 11 
Gain 22: 4 
| Input resistance 
| | Gain. 1 
| Gain 22.4 


Input capacitance@ 
Input offset current 
Input bias current . 


Input noise voltage BW 1kHz to 10MHz 


CMRR Common-mode rejection ratio 
Gain 24 Vomt1V, f<100kHz 
Vomt1V, f=5MHz 


| Output offset voltage 
| Gain 1 

Gain 24 

Gain 3° 


Output common-mode voltage 


| Vout Output voltage swing 

differential 
Output resistance 

Power supply current 


NOTES: 

1. Gain select Pins G;, and Gp connected together. 
2. Gain select Pins Goa and Gap connected together. 
3. All gain select pins open. 

4. Applies to 14-pin version only. 
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DC ELECTRICAL CHARACTERISTICS 
DC Electrical Characteristics Vgs=+6V, Vom=0, 0°C <Ta<70°C, unless otherwise specified. Recommended operating supply voltages Vs=+6.0V. 
All specifications apply to both standard and high gain parts unless noted differently. 


SYMBOL PARAMETER TEST CONDITIONS oe UNIT 


AVoL Differential voltage gain, 
standard part | 
Gain 11 | 7 RL=2kQ, Voyt=3Vp.p 
Gain 22:4 120 


| Input resistance 
ic. 22,4 
[Inputottset current ee a 


row Common-mode rejection ratio | 
a voltage rejection ratio 


Output offset voltage 
Gain 1 
Gain 24. 
Gain 38 










NOTES: 

1. Gain select Pins Gj, and G;p connected together. 

2. Gain select Pins Goa and Gog connected together. 

3. All gain select pins open. ae 
4. Applies to 14-pin versions only. 


AC ELECTRICAL CHARACTERISTICS 


Ta=+25°C Vgs=+t6V, Voy=0, unless otherwise specified. Recommended operating supply voltages Vg=+6.0V. All specifications apply to both 
standard and high gain parts unless noted differently. . 


Bandwidth 
Gain 11 
Gain 22) 4 


Propagation delay 


Gain 11 
Gain 22 4 


7 _ 





NOTES: 

1. Gain select Pins G1, and Gp connected together. 
2. Gain select Pins Goa and Gog connected together. 
3. All gain select pins open. 

4. Applies to 14-pin versions only. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Common-Mode Rejection Ratio Output Voltage Swing as 
as a Function of Frequency a Function of Frequency Pulse Response 


ti of HUT UT] ys=s7 
Vg = +6V Fl iG 


Ta= 25°C 
Ta = 25°C 


cea 


100k 1M 10M 100M 50 100 500 1000 15-10 -5 0 5 10 15 20 25 30 35 
FREQUENCY — Hz FREQUENCY — MHz TIME — ns 


Ry = 1k 


OUTPUT VOLTAGE - V 


COMMON-MODE REJECTION RATIO — dB 
OUTPUT VOLTAGE SWING - Vpp 


Supply Current as a Pulse Response as a Pulse Response as a 
Function of Temperature Function of Supply Voitage Function of Temperature 


OUTPUT VOLTAGE - V 
OUTPUT VOLTAGE ~— V 


l 
B 
ret} 
re 
re 
= 
a) 
a} 
a. 
a 

a 
a 


HHH 
ATE 
Pl a a i 

-15 -10 -5 0 5 10 15 20 25 30 35 “15-10 -5 0 5 10 15 20 25 30 35 


SUPPLY VOLTAGE - 4V TIME —ns TIME - ns 


Voltage Gain as a Gain vs. Frequency as a Voltage Gain as a 
Function of Temperature Function of Temperature Function of Supply Voltage 
1. 


RELATIVE VOLTAGE GAIN 
SINGLE ENDED VOLTAGE GAIN - dB 
RELATIVE VOLTAGE GAIN 


50 100 500 1000 


TEMPERATURE -— °C FREQUENCY — MHz SUPPLY VOLTAGE —- +V 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Gain vs. Frequency as a 
Function of Supply Voltage 





SINGLE ENDED VOLTAGE GAIN - dB 





50 100 


FREQUENCY — MHz 


Supply Current as a 
Function of Temperature 





SUPPLY CURRENT - mA 











-60 ~20 20 60 100 140 
TEMPERATURE -— °C 


Output Voltage Swing as a 
Function of Load Resistance 


OUTPUT VOLTAGE SWING — Vpp 








10 50 100 
LOAD RESISTANCE - © 


500 1K 
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5K 10K 


OVERDRIVE RECOVERY TIME — ns 


INPUT RESISTANCE — KQ 
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Voltage Gain 
Adjust Circuit 




















Vg =+6V Ta = 25°C 


Differential Overdrive 
Recovery Time 








0 20 40 60 80 100120 140 160 180 200 
DIFFERENTIAL INPUT VOLTAGE — mV 


Input Resistance as a 
Function of Temperature 
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OUTPUT VOLTAGE SWING — V OR 


OUTPUT SINK CURRENT — mA DIFFERENTIAL VOLTAGE GAIN — V/V 


INPUT NOISE VOLTAGE -1 Vrms 





Voltage Gain asa 
Function of RADJ (Figure 3) 


“Vg =36V 

‘f = 100kHz 
Ta = 25°C 
FIGURE 3 


1 10 100 1K 


RaDy -— 2 


Output Voltage and Current 
Swing as a Function of 
Supply Voltage 


| L | Lf rae2se6 
|| | voutace | cla see 





3.0 4.0 5.0 6.0 7.0 8.0 
SUPPLY VOLTAGE — +V 


Input Noise Voltage 
as a Function of 
Source Resistance 










Vs = +6V 
Ta = 25°C 
BW = 10MHz 










CECI 
TUT ATT TT | AT 
all ee) 
— ar | tt TT 





10 100 1K 10K 





TEMPERATURE — °C SOURCE RESISTANCE — Q 
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Phase Shift as a Phase Shift as a 
Function of Frequency Function of Frequency 








i i 
G o 
: 
l 
<= 
”n 
: Gesell : 
2 aera : 
pee ese EIES 
012 3 4 5 6 7 8 9 10 
FREQUENCY — MHz FREQUENCY — MHz 
Voltage Gain as a Voltage Gain as a 
Function of Frequency Function of Frequency 
a a 
mo] S 
2 z 
< < 
co) } 
G G 
: : 
$ $ 
1 10 100 1000 
FREQUENCY — MHz FREQUENCY — MHz 





TEST CIRCUITS Tz = 25°C, unless otherwise specified. 
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AMPLITUDE: 1-10 mV p-p 

















NOTE: 


TYPICAL APPLICATIONS 
| 
| 
NOTE: 
Vols) 1.4. 104 - 
v4(s) ~ Z(S) + 2@ 
ee oe ) 
~ 28) + 32 
6 
| a Basic Configuration 0.2uF 
+5 | 
| +6 | 
C) 
| i sh, 2KQ 
! 529 | + Vo 
14Nit oi 
| tana | | Le 
| 8 | | | 
| 7 | | | 
1 5 = | 
a ; 2 | 2KQ 
| 
et 


ch © 


— 


| 
| 
FREQUENCY: 1-4MHz | 
| 
| 


READ HEAD DIFFERENTIATOR/AMPLIFIER 


ZERO CROSSING DETECTOR 


Disc/Tape Phase-Modulated Readback Systems 





FILTER NETWORKS 


| Z NETWORK 





L 
R 
Cc 
NOTES: 
In the networks above, the R value used is assumed to include 
S$ =jo 
wo = 2nf 





FILTER 
TYPE 


LOW PASS 





HIGH PASS 


BAND PASS 





BAND REJECT 





1.4x 104 s 
L s2 + R/Ls + 1/LC 


1.4x 104 


For frequency Fy << 1/2 x (32) C 


dvi 
= 4, <2 
Vo = 1.4 x 10°C dT 


Differentiation with High 
Common-Mode Noise Rejection 


Vo (s) TRANSFER 
V4 (s) FUNCTION 





R 


s@ + 1/LC 
s@ + 1/LC + s/RC 





2te, Or approximately 32Q. 
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6W audio amplifier with preamplifier ~TDA1010A 


= aes ee en ee SSS 


The TDA1010A is a monolithic integrated class-B audio amplifier circuit in a 9-lead single in-line (SIL) 
plastic package. The device is primarily developed as a 6 W car radio amplifier for use with 4 Q and 

2 $2 load impedances. The wide supply voltage range and the flexibility of the IC make it an attractive 
proposition for record players and tape recorders with output powers up to 10 W. 

Special features are: | 

@ single in-line (SIL) construction for easy mounting 

® separated preamplifier and power amplifier 

@ high output power 

® low-cost external components 

® good ripple rejection 

@ thermal ptotection 


QUICK REFERENCE DATA 





Supply voltage range Vp 6 to 24 V 
Repetitive peak output current IORM max. 3 A 
Output power at pin 2; dot = 10% 

Vp=14,4V; Rp =2Q Po typ. 6,4 W 

Vp=14,4V; Rp =4Q Po typ. 6,2 W 

Vp=14,4V; Ry =82 Po typ. 3,4 W 

Vp = 14,4 V; Ry = 2 2; with additional 

bootstrap resistor of 220 92 between pins 3 and 4 Po typ. 9 W 

Total harmonic distortion at Po =1W;R, =42 dtot typ. 0,2 % 
Input impedance 

preamplifier (pin 8) wee, typ. 30 kQ 

power amplifier (pin 6) | Zi | typ. 20 kQ 
Total quiescent current at Vp = 14,4 V tot typ. 31 mA 
Sensitivity for Pp = 5,8 W; Ry =4 Q Vj typ. 10 mV 
Operating ambient temperature Tamb —25 to+ 150 °C 
Storage temperature T stg —55 to+ 150 °C 
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O3 
O04 





R29 
72751941 


+ 


Fig. 1 Circuit diagram. 
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RATINGS | 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vp max. 24 V 
Peak output current lOM max. $5A 
Repetitive peak output current lORM max. 3 A 
Total power dissipation " see derating curve Fig. 2 
Storage temperature T stg —55 to + 150 °C 
Operating ambient temperature Tamb —25 to+ 150 °C 


A.C. short-Gircuit duration of load 
during sine-wave drive; 
without heatsink at Vp = 14,4 V tse max. 100 hours 











Fig. 2 Power derating curve. 


HEATSINK DESIGN 


Assume Vp = 14,4 V; Ru = 2 2; Tamb = 60 °C maximum; thermal shut-down starts at T; = 150 °C. 
The maximum sine-wave dissipation in a 2 Q load is about 5,2 W. The maximum dissipation for music 
drive will be about 75% of the worst-case sine-wave dissipation, so this will be 3,9 W. Consequently, the 
total resistance from junction to ambient 


1 a 
Rth j-a = Rth j-tab + Rth tab-h + Rthh-a = —gg— = 23 KW. 
Since Rth j-tab = 10 K/W and Reh tab-h = 1 KW, 


Rth h-a = 23 — (10+ 1) = 12 K/W. 
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D.C. CHARACTERISTICS 
Supply voltage range - Vp 6 to 24 V 
Repetitive peak output current lORM <— 3 A 
Total quiescent current at Vp = 14,4 V ltot typ. 31 mA 


A.C. CHARACTERISTICS 


Tamb = 2D °C; Vp = 14,4 V; RU =4 Q; f = 1 kHz unless otherwise specified; see also Fig. 3. 


A.F. output power (see Fig. 4) at dioz = 10%; 
measured at pin 2; with bootstrap 


Vp = 144 V; Ry = 2 2 (note 1) Po typ. 6,4 W 
a RB. = {> 59 W 
Vp = 14,4 V; Ry. = 4 Q {note 1 and 2) Po \typ. 6,2 W 
Vp = 14,4 V; Ry =8 2 (note 1) P5 typ. 3,4 W 
Vp = 14,4 V; Ry = 4 ©; without bootstrap Po typ. 5,7 W 
Vp = 14,4 V; Ri = 2 82; with additional bootstrap 
resistor of 220 {2 between pins 3 and 4 Po typ. 9 W 
Voltage gain 
preamplifier (note 3) Gy1 nae te ee 
power amplifier Gyo aoe be = ze 
ps 4 dB 
total amplifier Gy tot ales £6 = a 
Total harmonic distortion at Pg = 1 W dtot- typ. 0,2 % 
Efficiency at Py» = 6 W n | typ. 75 % 
Frequency response (—3 dB) B 80 Hz to 15 kHz 
Input impedance 
preamplifier (note 4) | Zj | a re re me 
; Q 
power amplifier (note 5) | Z; | vee in ae = 
: kQ 
Output impedance of preamplifier; pin 7 (note 5) | Zo| maar ro a KQ 
Output voltage preamplifier (r.m.s. value) 
Noise output voltage (r.m.s. value; note 6) | 
Rs =02 Vnirms) typ. 0,3 mV 
- typ. 0,7 mV 
Rs = 8,2 kQ Vn(rms) Z 1,4 mV 
Ripple rejection at f = 1 kHz to 10 kHz (note 7) RR > 42 dB 
at f = 100 Hz; C2 = 1 pF RR > 37 dB 
sensitivity for P, = 5,8 W Vj typ. 10 mV 
Bootstrap current at onset of clipping; pin 4 (r.m.s. value) l4(rms) typ. 30 mA 
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Notes 

1. Measured with an ideal coupling capacitor to the speaker load. 
2. Up to Pp S3 W: deoz S 1%. | 

3. Measured with a load impedance of 20 kQ2. 

4. Independent of load impedance of preamplifier. 

5 


. Output impedance of preamplifier (| Zo ) is correlated (within 10%) with the input impedance 
(| Z;| ) of the power amplifier. | 


oO) 


. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave). | 


7. Ripple rejection measured with a source impedance between 0 and 2 kQ (maximum ripple amplitude: 
2V). 


8. The tab must be electrically floating or connected to the substrate (pin 9). 


4 7) 
| | ripple 
C2 T C5 T voltage 


100nF | R1 330kQ 100nF meter 


— v 
100 yw F 


e 
+ 






TDAIO10A =i we 
| | + UT 
sme 2 
ol PREAMP. Has +] 1000 uF 
| tr Vp 
C6 
| 100-AF A, 
mi 9 1 fall Rp 
R2 42, 
479 } 
100 nF 
O yD 
7Z76418.2 


Fig. 3 Test circuit. 
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Fig. 4 Output power of the circuit of Fig. 3 as a function of the supply voltage with the load impedance 


as a parameter; typical values. Solid lines indicate the power across the load, dashed lines that available 


29,11) has been measured with an additional 220 22 bootstrap resistor 


at pin 2 of the TDA1010. Ry 


= 25 9C. 


between pins 3 and 4. Measurements were made at f = 1 kHz, dio 


Fig. 5 See next page. 


Total harmonic distortion in the circuit of Fig. 3 as a function of the output power with the load 


impedance as a parameter: 


, 


that available at pin 2 of the TDA1010. Ry 


typical values. Solid lines indicate the power across the load, dashed lines 


22 (1) has been measured with an additional 220 Q 


bootstrap resistor between pins 3 and 4. Measurements were made at f = 1 kHz, Vp = 14,4 V. 


352 


November 1982 


Philips Semiconductors RF Communications Products Preliminary specification 


6W audio amplifier with preamplifier | TDA1010A 


7277910 



















ae ie ae i : 
Allee a el a lee Nee ce, ze 
ean (eee (peaea ea F 
Eee pee ee EI ee Ud 
aaa (ee ae ee ee ee 
i ee Me sce 
1 enna (ocala (ed 0 (ed ee | 
. Eee 
ari ae a ae Se ee a a 
(Eames (an (re (Ee ee | ee ee 
aii ie ae ee ee ee ee ee 
0 SS = ne ple lee ea 
iO— | 1 Py (W) 10 


7Z77912 






















Gt eae eel EE a 
Py a i ee a 
(dB) a SE: a i a EL 
a el ee ee II 
F A 7 ae SEs ee Sew ail 
i eo ee. <0 a ea 
RE ar, a a a 
Fe US Fs 7 A n° 
a OO ee ee a ee eee 
ee ee eel ae ee a ll 
cs Cm GE 0 FG FF SDH 
as ee i ee a a 
ea FN FE a RS GF 
Fea FR ae Ce Pe 
oe ae Cs ae a 8 
tH EE 
eae a 2 a | a 
ae a 2 00 a a a a eS | a 
ea ae aS a se 
es OO a a a a 
10 102 103 104 f (Hz) 10° 


Fig. 6 Frequency characteristics of the circuit of Fig. 3 for three values of load impedance: typical 
values. Py relative to 0 dB = 1 W; Vp = 14,4 V. 
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Fig. 7 Total power dissipation (solid lines) and the efficiency (dashed lines) of the circuit of Fig. 3 as 


a function of the output power with the load impedance as a parameter (for Ry, 


2 2 an external 


bootstrap resistor of 220 22 has been used); typical values. Vp = 14,4 V; f = 1 kHz. 
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Fig. 8 Thermal resistance from heatsink to ambient of a 1,5 mm thick bright aluminium heatsink as a 
function of the single-sided area of the heatsink with the total power dissipation as a parameter. 
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Fig. 10 Track side of printed-circuit board used for the 
circuit of Fig. 9; p.c. board dimensions 92 mm x 52 mm. 
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Fig. 11 Component side of printed-circuit board 
showing component layout used for the circuit of Fig. 9. 
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Fig. 13 Track side of printed-circuit board 
used for the circuit of Fig. 12; p.c. board 
dimensions 83 mm x 65 mm. 


Fig. 14 Component side of printed-circuit board 
showing component layout used for the circuit of Fig. 12. 
Balance control is not on the p.c. board. 
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Fig. 15 Channel separation of the circuit of Fig. 12 as a function of the frequency. 
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Fig. 16 Power supply of circuit of Fig. 17. 
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Fig. 18 Track side of printed-circuit board used for the circuit ee 


of Fig. 17 (Fig. 16 partly); p.c. board dimensions 169 mm x 118 mm. 
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Fig. 19 Component side of printed-circuit board showing 


component layout used for the circuit of Fig. 17 (Fig. 16 partly). 
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Fig. 20 Channel separation of the circuit of Fig. 17 as a function of frequency. 
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2 to 6W audio power amplifier with preamplifier TDA1011A 


The TDA1011A is a monolithic integrated audio amplifier circuit in a 9-lead single in-line (SIL) plastic 
package. The device is especially designed for portable radio and recorder applications and delivers up 
to 4 W ina 4 22 load impedance. The device can deliver up to 6 W into 4 &2 at 16 V loaded supply in 
mains-fed applications, The maximum permissible supply voltage of 24 V makes this circuit very 
suitable for d.c. and a.c. apparatus, while the low applicable supply voltage of 5,4 V permits 9 V 
applications. The power amplifier has an inverted input/output which makes the circuit optimal for 
applications with active tone control and spatial stereo. Special features are: 

single in-line (SIL) construction for easy mounting 

separated preamplifier and power amplifier 

high output power 

thermal protection 

high input impedance 

low current drain 

limited noise behaviour at radio frequencies 


QUICK REFERENCE DATA 


Supply voltage range Vp 5,4 to 20 V 
Peak output current | | lom =-max. 3 A 
Output power at dtot = 10% 
Vp=16V;R,_ =42 | Po typ. 6,5 W 
Vp=12V;R, =4Q Po typ. 4,2 W 
Vp= 9V;R, =42 Po typ. 2,3 W 
Vp= 6V;R, =4Q2 Po typ. 1,0 W 
Total harmonic distortion at Py = 1W; RL =4Q2 © diont typ. 0,2 % 
input impedance . 
preamplifier (pin 8) Ze). 2 100 kQ 
Total quiescent current ltot typ. 14 mA 
_ Operating ambient temperature Tamb —25 to + 150 °C 
Storage temperature Tstg —55to+150 °C 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 24 V 
Peak output current lom =— max. 3 A 


Total power dissipation see derating curve Fig. 2 


Storage temperature ~ Tstg —55 to+ 150 °C 
Operating ambient temperature Tamb —25to+ 150 °C 


A.C. short-circuit duration of load 


during sine-wave drive; Vp = 12 V tse max. 100 hours 


7278628.2 
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Fig. 2 Power derating curve. 


HEATSINK DESIGN 

Assume Vp = 12 V; Ru = 4 2; Tampb = 60 OCC maximum; Po = 3,8 W. 

The maximum sine-wave dissipation is 1,8 W. 

The derating of 10 K/W of the package requires the following external heatsink (for sine-wave drive): 


re 150—60 _. 
Rthj-a = Rth j-tab + Rth tab-h + Rth h-a Gegeg 7 7 50 KW. 


Since Rthj-tab = 10 K/W and Rth tab-h = 1 KNW, Rep h-a > 50 —(10+1)= 39 KW. 
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D.C. CHARACTERISTICS 


Supply voltage range | Vp 5,4to 20 V 
Repetitive peak output current lORM < 2A 

; typ. 14 mA 
Total quiescent current at Vp = 12 V tot < 22 mA 


A.C. CHARACTERISTICS 
Tamb = 29 °C; Vp = 12 V; Rr = 4 Q; f = 1 KHz unless otherwise specified; see also Fig. 3. 


A.F. output power at dio; = 10% (note 1) 
with bootstrap: 


Vp=16V;R, =42 Po typ. 6,5 W 

Vp=12V; Ry =42 | Po <n re ie 

Vp= 9V; RL =4Q2 Po typ. 2,3 W 

Vp= 6V;R,_ =42 Po typ. 1,0 W 

without bootstrap: 

Vp=12V;R, =42 Po typ. 3,5 W 
Voltage gain: 

Satine (note 2) Gy1 eae re ze a 

power amplifier (note 3) Gy2 typ. 29 dB 

total amplifier (note 3) Gy tot typ. 52 dB 
Total harmonic distortion at Pp = 1,5 W Ciot a a - 
Frequency response; —3 dB (note 4) B 60 Hz to 15 kHz 
Input impedance: 

esa (note 5) \Zi4 | oa 
Output impedance preamplifier |Zo1 | typ. 1 kQ 
Output voltage preamplifier (r.m.s. value) 

diot < 1% (note 2) ; Vo(rms) > 12 V 
Noise output voltage (r.m.s. value; note 6) 

Rg =0Q Viirms) — tyP- 0,5 mV 

Rs = 10 kQ Vi(rms) — tYP: 0,8 mV 
Noise output voltage at f = 500 kHz (r.m.s. value) 

B=5kHz;Rs=O022 Va(rms) — tYP.- 8 uV 
Ripple rejection (note 6) 

f= 1to 10 kHz RR typ. 42 dB 

= 100 Hz; C2 = 1 pF RR > 35 dB 

Bootstrap current at onset of clipping; pin 4 (r.m.s. value) l4(rms) typ. 35 mA 
Stand-by current at maximum Vp (note 8) Ish < 100 pA 
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Notes 

1. Measured with an ideal coupling capacitor to the speaker load. 
2. Measured with a load resistor of 20 k&2. 

3. Measured with R2 = 20 kQQ. 


4, Measured at P, = 1 W; the frequency response is mainly determined by C1 and C3 for the low 
frequencies and by C4 for the high frequencies. 


5. Independent of load impedance of preamplifier. 
6. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave). 


7. Ripple rejection measured with a source impedance between 0 and 2 kQ (maximum ripple 
amplitude: 2 V). 


8. The total current when disconnecting pin 5 or short-circuited to ground (pin 9). 
9. The tab must be electrically floating or connected to the substrate (pin 9). 


4 4 
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Fig. 3 Test circuit. 
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Fig. 4 Circuit diagram of a 4 W amplifier. 
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Fig. 5 Total quiescent current as a function of supply voltage. 
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Fig. 6 Tota! harmonic distortion as a function of output power across R, ; with bootstrap; 
— — — without bootstrap; f = 1 kHz; typica! values. The available output power is 5% higher when 
measured at pin 2 (due to series resistance of C10). 
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Fig. 7 Output power across R, asa function of supply voltage with bootstrap; dro; = 10%; typical 
values. The available output power is 5% higher when measured at pin 2 (due to series resistance of C1 
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Fig. 8 Noise output voltage as a function of frequency; curve a: total amplifier; curve b: power 
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4W amplifier with DC volume control TDA1013B 
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GENERAL DESCRIPTION 


The TDA1013B is an integrated audio amplifier circuit with DC volume control, encapsulated in a 
9-lead single in-line (SIL) plastic package. The wide supply voltage range makes this circuit ideal for 
applications in mains and battery-fed apparatus such as television receivers and record players. 


The DC volume contro! stage has a logarithmic control characteristic with a range of more than 80 cB; 
control is by means of a DC voltage variable between 2 and 6.5 V. 


The audio amplifier has a well defined open loop gain and a fixed integrated closed loop. This device 
requires only a few external components and offers stability and performance. . 


Features ~ . 

@ Few external components @ Fixed gain 

@ Wide supply voltage range @ High signal-to-noise ratio 
@ Wide control range ® Thermal protection 


@ Pin compatible with TDA1013A 


QUICK REFERENCE DATA 


parameter conditions 


Supply voltage 


Repetitive peak output 
current 


Total sensitivity Po = 2.5 W; 
DC control at max. gain 


Audio amplifier 

Output power THD = 10%; RE =8Q 
Total harmonic distortion Po = 2.5W; Ry = 822 
Sensitivity Po = 2.5 W | 




















DC volume contro! unit 
Gain contro! range 


Signal handling THD < 1%; 
DC control = 0 dB 


Sensitivity (pin 6) Vo = 125 mV; 
max. voltage gain 


Input impedance (pin 8) 
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input reference 
voltage A 


input reference 
voltage B 


7221638.1 





Fig.1 Block diagram. 


PINNING 
signal ground 
amplifier output 
supply voltage 
electronic filter 


control unit output 


control voltage 


1 

2 

3 

4 

5 amplifier input 
6 

7 

8 control unit input 
9 


power ground 
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4W amplifier with DC volume control TDA1013B 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


a ce 


Supply voltage 
Non-repetitive peak output current 






Repetitive peak output current 








Storage temperature range 






Crystal.temperature 





Total power dissipation see Fig. 2 





7221647 








infinite heatsink 
—— without heatsink 


Fig.2 Power derating curve. 


HEATSINK DESIGN EXAMPLE 

Assume Vp = 18 V; Ry. = 8 22; Tamp = 60 OC; Te = 150 OC (max.); for a 4 W application, the maximum 
dissipation is approximately 2.5 W. The thermal resistance from junction to ambient can be expressed 
as: : 


Rth j-a = Rth j-tab + Rth tab-h + Rth h-a = 


Tj max — Tamb max _ 150-60 = 36 K/W 


Pmax 2.5 


Since Rth j-tab = 9 K/W and Rth tab-h = 1 K/W, Rth h-a = 36 — (9+ 1) = 26 K/W. 
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4W amplifier with DC volume control TDA1013B 


CHARACTERISTICS 
Vp = 18 V; Ry = 8 Q; f= 1 KHZ; Tamb = 25 °C; see Fig. 10; unless otherwise specified 


[mover [enon Taro [ws [om 


Supply voltage range 

Total quiescent current : 

Noise output voltage note 1 
at maximum gain Rs =O 
at maximum gain Rs = 5k&2 
at minimum gain Rg =O02 


Total sensitivity Po =2.5W; 
| DC control at max. gain 


Audio amplifier 


Repetitive peak output 
current 


Output power THD = 10%; Rp =82 
Total harmonic distortion Po =2.5W; Ry =82 
Sensitivity Po = 2.5W 

Input impedance (pin 5) 

Power bandwidth 


DC volume control unit 


Gain control range 


Signal handling THD < 1%; 
DC control = 0 dB 
Sensitivity (pin 6) Vo = 125 mV; 


max. voltage gain 


Input impedance (pin 8) 


Output impedance (pin 6) 





Note to the characteristics 
1. Measured in a bandwidth in accordance with IEC 179, curve ‘A’. 
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4W amplifier with DC volume control TDA1013B 


APPLICATION INFORMATION 








Fig.3 Output power as a function of supply voltage; f = 1 kHz; 
THD = 10% and control voitage (V7) = 6.5 V. 


7Z25641 


3 








Fig.4 Power dissipation as a function of output power; Vp = 18 V; 
f= 1 kHz; Ry = 8 & and control voltage (V7) = 6.5 V. 
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APPLICATION INFORMATION (continued) 


7221642 
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Fig.5 Power bandwidth; Vp = 18 V; RL =8 Q; 
THD = 10% and control voltage (V7) = 6.5 V. 
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Fig.6 Total harmonic distortion as a function of frequency; 
Vp = 18 V; Ry =8Q; Po = 2.5 W and control voltage = 6.5 V. 
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7Z21644 
10 



















Fig.7 Total harmonic distortion as a function of output power; 
Vp = 18 V; Ry = 8 & and control voltage = 6.5 V. 


7Z21645 
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Fig.8 Typical control curve. 
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APPLICATION INFORMATION (continued) 


7221646 











4 8 
V7 (V) 


Fig.9 Noise output voltage as a function of the control voltage; Vp = 18 V; 
Ry = 8 & (in accordance with IEC 179, curve ‘A’). 


1+ 
os 
SS 470 uF 


+ 
0.1 uF —~ 470 pF 


33.0] e(terr 





7Z21639.1 


(1) Belongs to power supply circuitry. 


Fig.10 Application diagram. 
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1 to 4W audio amplifier with preamplifier 


Product specification 
SSS eee ee ee ee ne a ar) 


TDA1015 


The TDA1015 is a monolithic integrated audio amplifier circuit in a 9-lead single in-line (SIL) plastic 
package. The device is especially designed for portable radio and recorder applications and delivers up 
to 4 W in a4 Q2 load impedance. The very low applicable supply voltage of 3,6 V permits 6 V applications. 


Special features are: 

@ single in-line (SIL) construction for easy mounting 
separated preamplifier and power amplifier 

high output power 

thermal protection 

high input impedance 

low current drain , 

limited notse behaviour at radio frequencies 


QUICK REFERENCE DATA 


Supply voltage range Vp 
Peak output current lom 
Output power at dyoz = 10% 

Vp=12V; RL =42 Po 

Vp= 9V;R, =4Q Po 

Vp= 6V;R_ =42 Po 
Total harmonic distortion at Pp = 1W; Ry = 42 dtot 
Input impedance 

preamplifier (pin 8) {2;| 

power amplifier (pin 6) | Z;| 
Total quiescent current tot 
Operating ambient temperature Tamb 
Storage temperature T stg 


3,6 to 18 
max. 2,5 
typ. 4,2 
typ. 2,3 
typ. 1,0 
typ. 0,3 
> 100 
typ. 20 
typ. 14 
—25 to + 150 
—55 to + 150 


P< 


=== 


% 


kQ 
mA 
oc 
OC 


Product specification 
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TDA1015 


1 to 4W audio amplifier with preamplifier 
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1 to 4W audio amplifier with preamplifier | TDA1015 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vp max. 18 V 
Peak output current | | lom max. 25 A 
Total power dissipation see derating curve Fig. 2 
Storage temperature “ Tstg —55 to+ 150 °C 
Operating ambient temperature Tamb -25 to + 150 9C 
A.C. short-circuit duration of load 

during sine-wave drive; Vp = 12 V toe max. 100 hours 

75 7278628.2 
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iif cst Slabs aaah ae ioe edt Ge hcatecibe Selec oh 4 
i ee eS 

ee eek Plesetsk fd 
fff fine [ 
rT TTT TT Ty | tT [LN heatsink an 
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[ce <a eee es ee HEH = 
tet | SNE] without? | | AY | TT Lt 
TOC TSS eatsink FT-T— Ba SERRE 
ty fp PIN of b- 
PCS 
















Hi 







2,5 







[aa eee eRe SSE 
EE a A 


—25 0 +50 +100 #150: Talc) 


Fig. 2 Power derating curve. 





HEATSINK DESIGN 
Assume Vp = 12 V; Ry = 42; Tamb = 45 OC maximum. 
The maximum sine-wave dissipation is 1,8 W. 


150 —45_ 
Rthj-a = Rthj-tab + Rth tab-h + Rth h-a = iol 





Where R¢p j-a of the package is 45 K/W, so no external heatsink is required. 
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1 to 4W audio amplifier with preamplifier TDA1015 





D.C. CHARACTERISTICS 


Supply voltage range Vp 3,6 to 18 V 
Repetitive peak output current loRM < 2A 

: 7 typ. 14 mA 
Total quiescent current at Vp = 12 V tot c 25 mA 


A.C, CHARACTERISTICS 
Tamb = 25 °C; Vp = 12 V; Ry = 4 2; f = 1 kHz unless otherwise specified; see also Fig. 3. 


A.F. output power at dtot = 10% (note 1) 
with bootstrap: 


Vp=12V; RL =4Q2 Py typ. 4,2 W 

Vp= 9V;R, =42 Po typ. 2,3 W 

Vp= 6V;R, =422 Po typ. 1,0 W 

without bootstrap: 

Vp=12V; Ry, =42 , Po typ. 3,0 W 
Voltage gain: 

preamplifier (note 2) Gy typ. 23 dB 

power amplifier Gy2 typ. 29 dB 

total amplifier Gy tot bare és _ z 
Total harmonic distortion at P, = 1,5 W dtot oa a 
Frequency response; —3 dB (note 3) ~B 60 Hzto 15 kHz 
input impedance: 

preamplifier (note 4) | Z;4 | on ne 

power amplifier | Zi2 | typ. 20 kQ 
Output impedance preamplifier | Zo1| typ. 1 kQ 
Output voltage preamplifier (r.m.s. value) 

dtot < 1% (note 2) Vo(rms) typ. 0,8 V 
Noise output voltage (r.m.s. value; note 5) 

Rg =022 Viirms) typ. 0,2 mV 

Rs = 10 kQ Vinirms) typ. 0,5 mV 
Noise output voltage at f = 500 kHz (r.m.s. value) 

B=5kHz; Rg =02 | Vn(rms) tyP- 8 pV 
Ripple rejection (note 6) 

f = 100 Hz | RR typ. 38 dB 
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1 to 4W audio amplifier with preamplifier : | TDA1015 





Notes 
1. Measured with an ideal coupling capacitor to the speaker load. 
2. Measured with a load resistor of 20 k{Q2. 


3. Measured at P, = 1 W; the frequency response is mainly determined by C1 and C3 for the low 
frequencies and by C4 for the high frequencies. 


4. Independent of load impedance of preamplifier. 
5. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave). 


6. Ripple rejection measured with a source impedance between O and 2 kQ (maximum ripple 
amplitude : 2 V). 


7. The tab must be electrically floating or connected to the substrate (pin 9). 


4 
ze C6 oc ripple voltage 





— TF R1 100nF meter 
aaa 7 & O + 
-300k2 C5 
220nF 
[ 
a To7 : 
100 uF 
o— s Gs 
100nF ImF : 
C8 J j 
100 nF 
| R 
Vv: L 
: R2 md 42 
| 472 
CO) 
C ) : : : Q- 
2 7289094.1 


Fig. 3 Test circuit. 
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1 to 4W audio amplifier with preamplifier TDA1015 





APPLICATION INFORMATION 


xe: a 


= Pee R1 + 10 uF 


C6 
330k2 7 
‘aT ae 
4 
L { 
100 uF 
ol Bt PREAMP. Cee : = 610 
1 pF | 680uF 
C8 } Vp 
100 nF 
Vv: 1 Re 
er wipe | 
472 
) 





7289095 


Fig. 4 Circuit diagram of a 1 to 4 W amplifier. 
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Fig. 5 Total quiescent current as a function of supply voltage. 
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Fig. 6 Total harmonic distortion as a function of output power across R| ; with bootstrap; 
— — — without beotstrap; f = 1 kHz; typical values. The available output power is 5% higher when 
measured at pin 2 (due to series resistance of 1D): 

7289096 

















BEE PCEEE Ee BEE 
Sea bleed se eee td 
7 aaa ee a ee Py ft ft 
Sete eee ease -4 








iene ae Baer : ei 
Gt i ay Ye 
eel aes Sala Ie AB, 
EEE EEEEE EEE ECE ETE of HH Aaa ee is 
os Ee COREA 


2k eee Wee 4 ee cate suesstertesectecis 











LAT 
ERE 
Pk as 


Ft 
es 
| 
Lt | 
| 


0 5 10 15. Vp (V) 


mamiy 
oo 
aN 
SED 
aa 





Fig. 7 Output power across R,_ as a function of supply voltage with bootstrap; dtot = 10%; typical 
values. The available output power is 5% higher when measured at pin 2 (due to series resistance of * C10}. 
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Fig. 8 Voltage gain as a function of frequency; Pg relative toO dB=1W; Vp=12V;R, =4Q. 
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Fig. 9 Total harmonic distortion as a function of frequency; Pg = 1W; Vp = 12 V; Ry = 42. 
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Fig. 10 Ripple rejection as a function of R2 (see Fig. 4}; Rs = 0; typical values. 
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Fig. 11 Noise output voltage as a function of R2 (see Fig. 4); measured according to A-curve; capacitor 
C5 is adapted for obtaining a constant bandwidth. 
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Fig. 12 Noise output voltage as a function of frequency; curve a: total amplifier; curve 6: power 
amplifier; B = 5 kHz; Rs = 0; typical values. 
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Fig. 13 Voltage gain as a function of R2 (see Fig. 4). 
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1 Watt low voltage audio power amplifier TDA7052 
———————EEESES———— SS ee a ee a eed 


GENERAL DESCRIPTION 


The TDA7052 is a mono output amplifier in a 8-lead dual-in-line (DIL) plastic package. The device is 
designed for battery-fed portable audio applications. 


Features: 


® No external components 

®@ No switch-on or switch-off cli¢ks 
® Good overall stability 

® Low power consumption 

® No external heatsink required 

® Short-circuit proof 


QUICK REFERENCE DATA 


[ee [wae [om [om [fom 
Vp 6 15 V 


Supply voltage range 
Total quiescent current Ry = 


Voltage gain 
Output power THD = 10%:8 2 
Total harmonic distortion Po = 0,1 W 
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1 Wait low voltage audio power amplifier TDA7052 


Vp 


input — 


ground 
(signal) 





ground ( substrate) 7225008 


Fig. 1 Block diagram. 


PINNING 

1 Vp supply voltage 5 OUT] output 1 

2 IN input 6 GND2 ground (substrate) 
3 GND1 ground (signal) 7 n.c. not connected 

é n.c. not connected 8 OUT2 output 2 
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1 Watt low voltage audio power amplifier TDA7052 


FUNCTIONAL DESCRIPTION 


The TDA7052 is a mono output amplifier designed for battery-fed portable audio applications, such 

as tape recorders and radios. 

The gain is fixed internally at 40 dB. A large number of tape recorders and radios are still designed 

for mono sound, plus a space-saving trend by reduction of the number of battery cells. This means a 
decrease in supply voltage which results in an reduction of output power. To compensate for this 
reduction, the TDA7052 uses the Bridge-Tied-Load principle (BTL) which can deliver an output power 
of 1,2 W (THD = 10%) into an 8 Q load with a power supply of 6 V. The load can be short-circuited 

at each signal excursion. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Fa I Bn Bad nt ; 


Supply voltage 


Non-repetitive peak output current 
Total power dissipation 
Crystal temperature 


Storage temperature range 




















1200 7225007. 
Prot 
(mW) i 
800 
400 
0 
—25 0 50 100 150 
Tamb (°C) 


Fig. 2 Power derating curve. 


POWER DISSIPATION 
Assume Vp = 6 V; Ry = 8 2; Tamb = 50 °C maximum. 
The maximum sinewave dissipation is 0,9 W. 


Rthj-a= » We se ~ 110 K/W. 





Where Rthj-a of the package is 110 K/W, so no external heatsink is required. 
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1 Watt low voltage audio power amplifier 


CHARACTERISTICS 


Vp =6V; Ry =8 2; f = 1 KHZ; Tamb = 25 OC; unless otherwise specified. 


Preliminary specification 


TDA7052 


‘soon ts | mt [mn [ws mo 


Supply 

Supply voltage range 

Total quiescent current R; =e 
Voltage gain 

Output power THD = 10% 


Noise output voltage 
(RMS value) 


Vno(rms) 


Vno(rms) 


Frequency response 


Supply voltage ripple rejection 


DC output offset voltage 
pin5to8 


Total harmonic distortion 
Input impedance 
Input bias current 





Notes to the characteristics 


1. The unweighted RMS noise output voltage is measured at a bandwidth of 60 Hz to 15 kHz with a 


source impedance (Rs) of 5kQ. 


2. The RMS noise output voitage is measured at a bandwidth of 5 kHz with a source impedance of 0 5: 
and a frequency of 500 kHz. With a practical load (R = 8 2: L = 200 nH) the noise output current 


is only 100 nA. 


3. Ripple rejection is measured at the output with a source impedance of 0 &2 and a frequency between 
100 Hz and 10 kHz. The ripple voltage = 200 mV (RMS value) is applied to the positive supply rail. 
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APPLICATION INFORMATION 







Vp =6V 





( 
+ 
100 nF — 220 uF 


wT 





haf 
TDA7052 > 
a |> 


7245009 


Fig. 3 Application diagram. 
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1-Watt low voltage audio power amp with DC TDA70S52A/AT 
volume control 


FEATURES GENERAL DESCRIPTION 


DC volume control The TDA7052A/AT are mono BIL 
output amplifiers with OC volume 
control. They are designed for use in 
TV and monitors, but also suitable 


Few external components 
e Mute mode 


¢ Thermal protection for battery-fed portable recorders 
e Short-circuit proof and radios. 

e No switch on and off clicks 

e Good overall stability ORDERING INFORMATION 


e Low power consumption EXTENDED 


Low HEF radiation TYPE NUMBER PINS | PIN POSITION MATERIAL oe! 
aa TDA7052A ee eee eee | soTe7 | 





QUICK REFERENCE DATA 


“symot | PARAMETERS | CONDmIONS | WN | Te | MAX | ONT 
a i 


output power 
in 8 Q (TDA7052A) 
in 16 Q (TDA7052AT) 





a a 
re |gaincontolrange | SSSSSSC*d@C 

— fon — ae i 
THO [tetatrarmoniodistorion ——[Po=o5W [= —*iee it 





August 1991 396 


Philips Semiconductors Integrated Circuits 


1-Watt low voltage audio power amp with DC 


volume control 


FUNCTIONAL DESCRIPTION 


Yhe TDA7OS52A/AT are mono BTL 
nutput amplifiers with DC volume 
control, designed for use in TV and 
monitors but also suitable for battery 
fed portable recorders and radios. 
In conventional DC volume circuits 
the contro! or input stage is AC 
coupled to the output stage via 
external capacitors to keep the 
offset voltage4ow, 

In the TDA7O052A/AT the DC volume 
control stage is integrated into the 
input stage so that no coupling 
capacitors are required and yet a 
low offset voltage is maintained. At 
the same time the minimum supply 
remains low. 


LIMITING VALUES 


The BTL principle offers the 
following advantages: 


e Lower peak value of the supply 
current 


e The frequency of the ripple on 
the supply voltage is twice the 
signal frequency. 


Thus a reduced power supply with 
smaller capacitors can be used 
which results in cost savings. 


For portable applications there is a 
trend to decrease the supply 
voltage, resulting in a reduction of 
Output power at conventional output 
Stages. Using the BTL principle 
increases the output power. 


In accordance with the Absolute Maximum System (IEC 134) 








short-circuit time 





V> input voltage pin 2 


V, | input voltage pin 4 
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i” virtual junction temperature 


SYMBOL PARAMETER CONDITIONS 

supply voltage range 

= repetitive peak output current 

losm non-repetitive peak output current 

Pe total power dissipation 
TDA7052A 
TDA7052AT 

; | 


397 









Objective specification 


TDA70O52A/AT 


The maximum gain of the amplifier 
is fixed at 36 dB. The DC volume 
control stage has a logarithmic 
control characteristic. 


The total gain can be controlled from 
36 dB to —44 dB. If the DC volume 
control voltage is below 0.3 V, the 
device switches to the mute mode. 
The amplifier is short-circuit proof to 
ground and V,. Also a thermal 
protection circuit is implemented. If 
the crystal temperature rises above 
150 °C the gain will be reduced, so 
the output power is reduced. « 
Special attention is given to switch 
on and off clicks, low HF radiation 
and a good overall stability. 








Philips Semiconductors Integrated Circuits Objective specification 


1-Watt low voltage audio power amp with DC 


TDA7O52A/AT 
volume control | 


THERMAL RESISTANCE 


SYMBOL PARAMETER | TYP | MAX. | UNIT 


from junction to ambient in free air 


TDA7052A 
TDA7052AT 





Note 


TDA7052A: Vp =6 V; R,=8Q. 

The maximum sine-wave dissipation is 0.9 W. 
Therefore T sntymax) = 150 - 100 x 0.9 = 60 °C. 
TDA7OS2AT: Vp = 6 V; R, = 16.9. 

The maximum sine-wave dissipation is 0.46 W. 
Therefore Tarxmax) = 150 - 155 x 0.46 = 78 °C. 
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1-Watt low voltage audio power amp with DC TDA7052A/AT 
volume control 


CHARACTERISTICS 

Vp =6V; Taw = 25 °C; f = 1 KHz; unless otherwise specified (see Fig.6). 
TDA7052A: R, = 8 Q; 

TDA7052AT: R. = 160; 


| SYM BOL PARAMETER CONDITIONS 
CLE an aC 


total quiescent current ~ 


Maximum gain; v, =i. 4 Vv 

































‘output power — 
TDA7052A 
TDA7052AT 


THD =10% _ 





total harmonic distortion | 
TDA7052A 
TDA7O52AT 


—| 


HD 











| voltage gain 
mput signal handling = z V; THD <1% 


Ea 
a ae 
eee note 2 ; 
Or 
ak 







a | DC output offset voltage - —— ——— | 
reutinpedenes oma) [8 aoa 


Minima gain; V,=0.5V | | _ 


votage gar Ean CAS 


Voter) noise output voltage. RMS note 4 
| value) 


Mute position 
















DC volume control | 


jo gain control range 
i, fe control current 


Notes to the characteristics 





1. With a load connected to the outputs the quiescent current will increase, the maximum value of this increase being 
equal to the DC output offset voltage dividend by R,. 


2. The noise output voltage (RMS value) at f = 500 kHz is measured with R, = 0 Q and bandwidth = 5 kHz. 


3. The ripple rejection is measured with R, = 0 Q and f = 100 Hz to 10 kHz. The ripple voltage of 200 mV, (RMS 
value) is applied to the positive supply rail. 


4. The noise output voltage (RMS-value) is measured with R, = 5 kQ unweighted. 
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MCD388 MCD389 





re oe 
EeseS es see 
“EHH 
“EEE 
7 ore sees 
Bee ES SERRE 
ett] {i fd 


0.4 2.0 
V4 (V) 





Fig.3 Gain control as a function of DC volume Fig.4 Noise output voltage as a function of DC 
control. volume control. 




















ah E  N  L 
fh ole EN ae ig 
eet TE ER Ie 
CoD eT TESTES ale 2 i 
ed dele UE IN ae 





Fig.5 Control current as a function of DC 
volume control. 
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1-Watt low voltage audio power amp with DC TDAT052A/AT 
volume control 


APPLICATION INFORMATION 














(1) 
Vp =6V 
+ 
7 100 nF J 220 uF 
n.c. 
FDA7052A | 
er TDA7052AT 
positive 
input 0.47 uF 
(TDA7052A) 
(TDA7052A/AT) 
Re | 5 kQd 
+ 
G » TEMPERATURE 
PROTECTION 

pC 

volume 
contro! 

a , MCD386 
ground 
(1) This capacitor can be omitted if the 220 pF electrolytic capacitor is connected close to pin 1. 
Fig.6 Test and application diagram. 
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1-Waitt low voltage audio power amp with DC TDA7O52A/AT 
volume control 


100 kQ 
MCD387 


volume control 


Fig.7 Application with potentiometer as volume 
control; maximum gain = 30 dB. 
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3-Watt mono BTL audio output amplifier TDA7056A 


FEATURES 


e DC volume control 

e Few external components 
e Mute mode 

e Thermal protection 

e Short-circuit proof 

e No switch-on and off clicks 
e Good overall stability 

e Low power consumption 

° Low HF radiation 

e ESD protected on all pins. 


QUICK REFERENCE DATA 


GENERAL DESCRIPTION 


The TDA7056A is a mono BTL 
output amplifier with DC volume 
control. it is designed for use in TV 
and monitors, but also suitable for 
battery-fed portable recorders and 
radios. 


ORDERING INFORMATION 


EXTENDED TYPE 
NUMBER PINS” PIN POSITION | MATERIAL 
TOATOSEA | 9 | St | _plasio | SOTITORE 








ean contolrange 





total harmonic distortion 





Pp 
l, total quiescent current 
THD 
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positive output 
positive input 


DC volume control 


negative output 


PROTECTION 


MGA072 





signal power 
ground ground © 


Fig.1 Block diagram. 











PINNING 
SYMBOL 





DESCRIPTION 


| PIN 

ta. 

| 2 | positive supply voltage 
ea 1 
= 

| 5 | DCv 


signal ground 


DC volume contro! 
| 6 | positive output 
power ground 


fence 
our- | 8 |regatveouput 
ne. 8 








MGAO71 


Fig.2 Pinning diagram. 
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3-Watt mono BTL audio output amplifier 


FUNCTIONAL DESCRIPTION 


The TDA7056A is a mono BTL 
output amplifier with DC volume 
control, designed for use in TV and 
monitor but also suitable for 
battery-fed portable recorders and 
radios. 

In conventional DC volume circuits 
the control or input stage is AC 
coupled to the output stage via 
external capacitor to keep the offset 
voltage low. ~~ 

In the TDA7056A the DC volume 
stage is integrated into the input 
stage so that coupling capacitors 
are not required and a low offset 
voltage is maintained. 

At the same time the minimum 


LIMITING VALUES 


supply voltage remains low. 
The BTL principle offers the 
following advantages: 


e lower peak value of the supply 
current 


e the frequency of the ripple on the 
supply voltage is twice the signal 
frequency 


Thus, a reduced power supply and 
smaller capacitors can be used 
which results in cost savings. 

For portable applications there is a 
trend to decrease the supply 
voltage, resulting in a reduction of 
output power at conventional output 
stages. Using the BTL principle 
increases the output power. 


in accordance with the Absolute Maximum System (IEC 134). : 











THERMAL RESISTANCE 
SYMBOL 


repetitive peak output current 


‘low --ss=s=~=S~S*«‘ ON. reppetitive peak output current 


short-circuit time 


input voltage pin 3 


input voltage pin 5 


srweo. | __—PARAWETER———=|——=CCONDTIONS | MIN. 
fsuppywotagerenge | 
Tepe peak output curent = 


Vp 

40 
2 | 
Vs 


Py —s——s=C| total power dissipation Tease < 60°C Ea 


Objective specification 


TDA7056A 


The maximum gain of the amplifier 
is fixed at 36 dB. The DC volume 


control stage has a logarithmic 


control characteristic. 

The total gain can be controlled from 
36 dB to —44 dB. 

If the DC volume control voltage is 
below 0.3 V, the device switches to 
the mute mode. 

The amplifier is short-circuit proof to 
ground and V>,. Also a thermal 
protection circuit is implemented. If 
the crystal temperature rises above 
150 °C the gain will be reduced, so 
the output poweris reduced. — 
Special attention is given to 
switch-on and off clicks, low HF 
radiation and a good overall stability. 





PARAMETER | 


from junction to case 





|Reja __| from junction to ambient in free air 


Note 


Vp = 12 V; R, = 16 Q; The maximum sine-wave dissipation is = 1.8 W. The R,, ,, of the package is 55 K/W; 


Tams (rans = 150 - 55 x 1.8 = §1 °C 
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3-Watt mono BTL audio output amplifier TDA70O56A 


CHARACTERISTICS 
Vp = 12 V; f= 1 kHz; R, = 16 ; T,, = 25 °C; unless otherwise specified (see Fig.6) 


supply voltage range oe 
total quiescent current Vp=6V; R, =~; note 1 


Maximum gain (V, = 1.4 V) 


THD = 1% 
total harmonic distortion 


< 
=j 


tH 


— a 
V; ie signal ey _ = 1V;THD < 1% 


a Ea 

orn poo Fe 
velue). 
oe 
20 kHz 

=F 
—— [inputinpedance ping [i eo Fos i 
ne ents) 


Minimum gain (V, = 0.5 V) 


iG, a voltage gain 


V icine) noise output voltage (RMS note _—— 
value) 


Mute position 


output voltage in mute position |V,<03V:v,=600mv |- |= +190 [nv 


DC volume control 


gain control range 7§ dB 
 |gaincontrolrange | HBO 


Notes to the characteristics 








oh 


. With a load connected to the outputs the quiescent current will increase, the maximum value of this increase being 
equal to the DC output offset voltage divided by R,. 


. The noise output voltage (RMS vaiue) at f = 500 kHz is measured with R, = 0 Q and bandwidth = 5 kHz. 


. The ripple rejection is measured with Re = 0 2 and f = 100 Hz to 10 kHz. The ripple voltage of 200 mV (RMS value) 
is applied to the positive supply rail. 


. The noise output voltage (RMS value) is measured with R, = 5 kQ unweighted. 


GD NM 


> 
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MGA0TS 
es oe oe | ee 
ee ow CELE 

ea ine a ” 
: 600 
| YS 5 ~ 
is |e DK | 
= | 
ae ae eee 
_ (aan 4neee 
0 0.4 0.8 1.2 1.6 2.0 0 0.4 0.8 1.2 1.6 2.0 
V5 (V) 5) 
Fig.4 Noise output voltage as a function of DC 
Fig.3 Gain as a function of DC volume control. volume control. 























Fig.S§ Control current as a function of DC 
volume control. 
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3-Watt mono BTL audio output amplifier 3 TDA7056A 


APPLICATION INFORMATION 















n.c. 
- TDA7056A 
positive ~_. 
Rs i 5 kQ | 
+ + 
6% (]) STABILIZER | TEMPERATURE 
Viet PROTECTION 
MGA073 


ground 
(1) This capacitor can be omitted if the 220 pF electrolytic capacitor is connected close to pin 2. 


Fig.6 Test and application diagram. 














MGA074 


volume control 


Fig.7 Application using a potentiometer for 
volume control; G, = 30 dB. 


— es, 
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True logarithmic amplifier TDA8780M 





FEATURES The device is manufactured in an advanced BiCMOS 
process which enables high performance being obtained 
with low DC power supply consumption. The true 

* Small-signal gain-adjustment facility logarithmic amplifier can be driven by single-ended or 

* Constant limiting output voltage differential inputs. The DC operating point is set by overall 
on-chip feedback decoupled by two off-chip capacitors, 
which define the low-frequency cut-off point. 


¢ 72 dB true logarithmic dynamic range 


¢ Temperature and DC power supply voltage independent 
e Easy interfacing to analog-to-digital.converters 


The performance of the amplifier is stabilized against 
* Output DC level shift facility. P plifier | lized agai 


temperature and DC power supply variations. The 
differential output is converted internally to a single-ended 
APPLICATIONS | output by an on-chip operational amplifier arrangement in 
: which the DC output level is set by an externally-supplied 
reference voltage. A power-down facility allows the circuit 
¢ IF signal dynamic range reduction in GSM900 and to be disabled from a control input. ! 
DCS1 800 receivers 


¢ Compression receivers. 


¢ Dynamic range compression 


GENERAL DESCRIPTION 


The TDA8780M is a true logarithmic amplifier intended for 
dynamic range reduction of IF signals at 10.7 MHz in 
GSM900 and DCS1 800 receivers. It offers true logarithmic 
characteristics over a 72 dB input dynamic range, has a 
small-signal gain-adjustment facility and a constant 
limiting output voltage for large input levels. 


QUICK REFERENCE DATA 


SYMBOL PARAMETER UNIT 


DC power supply voltage —__ [4s 
DC power supply current 


operating input frequency 
dynamic logarithmic input voltage (peak value) 


operating ambient temperature 20 


| MIN, 
45 | 
Pa 
[DC power supply current in power-down mode |- 
S| 
0.06 





ORDERING INFORMATION 


PACKAGE 
TYPE NUMBER 


DESCRIPTION VERSION 
TDA8780M SSOP20 | plastic shrink small outline package; 20 leads; body width 4.4 mm SOT266-1 
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True logarithmic amplifier 


BLOCK DIAGRAM 


November 1994 


TDA8780M 


MBE161 


GND1 GND2 GND3 GND4 GNDS 


Fig.1 Block diagram. 
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TDA8780M 
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True logarithmic amplifier 


SYM BOL 


DESCRIPTION 
signal voltage input 


control circuit first decoupling and 
optional start-up capacitor corinection 


small- -signal gain- setting resistor 


small-signal complementary 
gain-setting resistor 


GNDi 


CpeEct 













id 
&> 


| low-frequency cut-off point setting 
Capacitor 


GND2 ground 2 

Vref. al external reference al reference voltage input 
Mies. of oo | not connected 
| ground 3 (main ground) - 
DC power ver supply 


12 not connected 
out 13 |true logarithmic voltage output 
GND4 14 | ground 4 


15 | complementary low-frequency cut-off 
point setting capacitor 


| 16 | TTL-level-compaiible circuit enable 
| input (active HIGH) 
| TEST 17 | test input; connected to ground in 
normal operation 
CpEce control circuit second decoupling and 


2 
z 
= 
z 
ESC 


< 


= 
© 


oO! 


a 
Mm 


optional Start-up capacitor 
| GN D5 ground5 _ 5 
Vin 20 | complementary signal voltage input 
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TDA8780M 


TDA8780M 


MBE160 


Fig.2 Pin configuration. 
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True logarithmic amplifier 


FUNCTIONAL DESCRIPTION 


A true logarithmic amplifier can be realized from a cascade 
of similar stages each stage consisting of a pair of 
amplifiers whose inputs and outputs are connected in 
parallel. One of these amplifiers can be formed by an 
undegenerated long-tailed pair which provides high gain 
but limited linear input signal-handling capability. The 
other amplifier can be formed by a degenerated long-tailed 
pair which provides a gain of unity and a much larger linear 
input signal-handling capability. 


The overall cascade amplifies very small input signals but, 
once these reach the level at which the undegenerated 
long-tailed pair in the last stage is at the limit of its linear 
signal-handling capability, the output voltage becomes 
logarithmically dependent on the input signal level. This 
behaviour continues until the input signal reaches the level 
at which undegenerated long-tailed pair in the first stage is 
at the limit of its linear input signal-handling capability. The 
transfer characteristic beyond this point then depends on 
the exact configuration of the degenerated long-tailed pair 
in the first stage. 


Five stages are used in the TDA8780M to provide a 72 dB 
true logarithmic dynamic range. The DC bias current in the 
undegenerated long-tailed pair in the first stage is made 
externally adjustable, using an off-chip resistor, to provide 
a small-signal gain adjustment facility. A high-level limiter 
is inserted between the first and second stages to provide 
a constant limiting output voltage which is essentially 
independent of the value of the gain setting resistor. These 
stages can be driven by single-ended or differential inputs. 
The DC operating point is set by overall on-chip feedback 
decoupled by two off-chip capacitors which define the 
low-frequency cut-off point. The performance is stabilized 
against temperature and DC power supply variations. The 
input to the true logarithmic amplifier is protected against 
damage due to excessive differential input signals by 
diodes. 
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TDA8780M 


The differential output from the true logarithmic amplifier is 
converted internally to a single-ended output by an on-chip 
operational amplifier arrangement in the which the DC 
output level is set by an externally-supplied reference 
voltage. The output is capable of driving loads down to 
10 kQ. The limiting output voltage and the output drive 
capability have been chosen to facilitate interfacing to 
analog-to-digital converters. A major part of the DC power 
supply current consumption of the device is associated 
with provision of this output drive capability. The DC power 
supply consumption is significantly less when the device is 
driving smaller loads. 


A power-down facility allows the circuit to be disabled from 
a TTL-level compatible control input. 


Philips Semiconductors Integrated Circuits 
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True logarithmic amplifier 


TDA8781T 


FEATURES 


55 dB true logarithmic dynamic range 

Small-signal gain-adjust facility 

Constant limiting output voltage 

Temperature and DC power supply voltage 
compensation : 

Easy interfacing to TDA8703 analog-to-digital 
converter 

Output DC level shift facility 

Additional feceived signal-strength indication (RSSI) 
output. 


APPLICATIONS 


e Dynamic range compression 


e IF signal dynamic range reduction in GSM900 and 
DCS1800 receivers 


e Compressive receivers. 


GENERAL DESCRIPTION 


The TDA8781T is a true logarithmic amplifier intended 
for dynamic range reduction of IF signals at 10.7 MHz in 
GSM9g00 and DCS1800 receivers. It offers true 
logarithmic characteristics over a 55 dB input dynamic 
range and has a small-signal gain-adjust facility and a 


QUICK REFERENCE DATA 


SYMBOL PARAMETER 


we DC power supply voltage 4.5 5.0 5.5 


oc DC power supply current P= | 
OFF. leg IN power-down mode ~ 


operating input frequency 
Tass operating ambient temperature 





ORDERING INFORMATION 






EXTENDED TYPE NUMBER 







TDA8781T 





February 1993 


PACKAGE 


| PINS | PIN POSITION MATERIAL CODE 


constant limiting output voitage for large input levels. It is 
manufactured in an advanced BICMOS process which 
enables high performance to be obtained with low DC 
power supply consumption. The true logarithmic amplifier 
can be driven by single-ended or differential inputs and 
the DC operating point is set by overall on-chip feedback 
decoupled by two off-chip capacitors which define the 
low-frequency cut-off point. The performance of the true 
logarithmic amplifier is stabilized against temperature 
and DC power supply voltage variations. The differential 
output is converted internally to a single-ended output by 
an on-chip operational amplifier arrangement in which 
the DC output level is set by an externally-supplied 
reference voltage. An additional received signal-strength 
indication (RSSI) output is available and a power-down 
facility allows the circuit to be disabled from a TTL-level 
compatible control input. 


The device can be used to compress IF signals prior to 
being digitized in digital radio systerns. It allows the 
usage of low-cost, low-power 8-bit DACs instead of the 
10 or 12-bit types. ln GSM systems decompression is 
performed by the digital signal processor such as the 
PCD5080. The TDA8781T interfaces directly with the 
ADC which Is integrated on the Base Band Interface 
PCD5070. 


jp MIN, | Tye MAX. | UN 
wd 
mA 
ra 








0.1 
—20 - +75 








UNIT 
V 
mA 
pA 
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TDA8781T 


MKA411 


Fig.1 Block diagram. 
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True logarithmic amplifier | TDA8781T 


PINNING 


SYMBOL ee DESCRIPTION 


1 |signalinputt input - 


low-frequency cut-off point setting 
capacitor connection 
ae external reference voltage input 


small-signal gain-setting resistor 
connection 








complementary small-signal 
gain-setting resistor connection 


first contro! circuit decoupling 
capacitor and optional start-up 
capacitor connection 


see DC power supply voltage 


second control circuit decoupling 
capacitor and optional start-up 
capacitor connection 


CE TTL-level-compatible circuit enable MKA412 
input 

Vass 11 | received signal-strength indication 
output (RSS!) 


Vv, | 12 _| true logarithmic output 


C- . 13 | complementary low-frequency cut-off 
point setting capacitor connection Fig.2 Pin configuration. 


Vi | 14 | complementary signal input 
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FUNCTIONAL DESCRIPTION 


A true logarithmic amplifier can be realized from a 
cascade of similar stages each of which consists of a 
pair of amplifiers whose inputs and outputs are 
connected in parallel. One of these amplifiers can be 
formed by an undegenerated !ong-tailed pair which 
provides high gain but a limited linear input 
signal-handling capability. The other amplifier can be 
formed by a degenerated long-tailed pair which provides 
a gain of unity and a much larger linear input 
signal-handling capability. The overall cascade amplifies 
very small input signals linearly but, once these reach 
the level at which the undegenerated long-tailed pair in 
the last stage is at the limit of its linear input 
signal-handling capability, the output voltage becomes 
logarithmically dependent on the input signal level. This 
behavior continues until the input signal reaches the 
level at which the undegenerated Jong-tailed pair in the 
first stage is at the limit of its linear input signal-handling 
capability. The transfer characteristic beyond this point 
then depends on the exact configuration of the 
degenerated long-tailed pair in the first stage. 


Three stages are used in the TDA8781T to provide a 
55 GB true logarithmic dynamic range. The DC bias 
current in the undegenerated long-tailed pair in the first 
Stage is made externally adjustable, by means of an 
off-chip resistor, to provide a small-signal gain-adjust 
facility. A high-level limiter is inserted between the first 
and second stages to provide a constant limiting output 





Fig.3 Transfer function. 


voltage which is essentially independent of the value of 
the gain-setting resistor. These stages can be driven by 
single-ended or differential inputs and the DC operating 
point is set by overall on-chip feedback decoupled by two 
off-chip capacitors which define the low-frequency cut-off 
point. The performance of these stages is stabilized 
against temperature and DC power supply voltage 
variations. The input to the true logarithmic amplifier is 
protected against damage due to excessive differential 
input signals by diodes. 


The differential output from the true logarithmic amplifier 
is converted internally to a single ended output by an 
on-chip operational amplifier arrangement in which the 
DC output level is set by an externally-supplied reference 
voltage. The output is capable of driving loads down to 
10 kQ in parallel with 20 pF. The limiting output voltage 
and this output drive capability have been chosen to 
facilitate interfacing to a TDA8703 analog-to-digital 
converter. A major proportion of the DC power supply 
current consumption of the device is associated with 
provision of this output drive capability. The DC power 
supply consumption is significantly less when the device 
is driving less-highly capacitive loads. 


An additional received signa!-strength indication (RSSI) 
output is available from the true logarithmic amplifier. 
This output is protected against damage due to 
excessive current being drawn by means of a series 
resistor. A power-down-facility allows the circuit to be 
disabled from a TTL-level-compatible control input. 








MKA4 13 
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LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


storage /storagetemperature 


operating ambient temperature 2000 





DC power supply voltage aa eae | a 
7 | DC voltage at all other pins with respect to 
a a 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is. 
desirable to take normal precautions appropriate to handling MOS devices. 


CHARACTERISTICS 
Veo = 5.0 Vi Vace = 2.5 V; V; at f, = 10.7 MHz; T,, = 25 °C; nominal small-signal gain setting resistor in use; unless 
otherwise specified. 













































SYMBOL PARAMETER CONDITIONS — UNIT 
ope (pin 8) 
operating DC power supply 
voltage 
DC power supply current We = 5 5:V; 
= 1 V (peak) 
DC power supply current in 10 us after Vo, 
power-down mode changes from Veen) 
| to Voeiorr 
Control: CE, R,, Ry, Cy, Cx (pins 10, 4, 5, 6 and 9) 
VoEOrR circuit enable input voltage in V 
power-down mode 
smail-signal gain-setting resistor | nominal small-signal 3.3 kQ 
gain setting 
total adjustment kQ 
range 
Cay, Cap control circuit decoupling pF 
capacitors | 
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Inputs: V,, Vises C., C, (pins 1, 3, 2 and 13) 


4 Jepwaingnpa reqeney [fo fio Ys Ye 


small-signal input resistance differential input at 
i = 10.7 MHz; 
= 10 mV (peak) 
input capacitance Gaia input at 
f, = 10.7 MHz 
Viimin) peak input voltage at start of 
| true logarithmic characteristic 
Viemax) peak input at end of true mV 
logarithmic characteristic 
maximum peak input signal input protection 


diodes not 
conducting 










spread in true logarithmic input spread for 
output amplitude transfer fixed output 


characteristic across true 
logarithmic range over whole 
temperature and DC power 
supply voltage range 


small-signal gain-adjustment 
range 



















V, = 800 pV (peak) 








a a 
esting capacitors 
resistance 
[Veer [extemal reference voltage [20 «(28 Ven 2.0 [V 
Outputs: V,, Vass, (pins 12 and 13) 

peak true logarithmic output PPR 

voltage relative to Vp-, at start 

of true logarithmic characteristic 

peak true logarithmic output V, = 450 mV (peak) PP tT 

voltage relative to Vcr at end 

of true logarithmic characteristic 

ee se Se ee 

voitage across true logarithmic /V,=10mV (peak) [340 (410 [480 |mv_ | 
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change in small-signal true 
logarithmic gain referred to V, R, =0 


at V, = 10 mV (peak); V, = 20 mV (peak); 
R, = 3.3 kQ ’ 


change in small-signal true V,= 10 mV (peak); 
logarithmic output voltage with | f, = 100 kHz and 
~ | frequency 15 MHz referenced 
to 1 MHz 


spread in true logarithmic 
output phase transfer 
characteristic across true 
logarithmic range 


ASS\ouputacrossiue ——|Vi=atnWipeak) [185 [20 [ate 
logarithmic range Vi=t0mV peat) [205 [22 (235 _|V 
[Vi= 100 mv (pean) [225 [24 [ess iv 
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APPLICATION INFORMATION 


The circuit is connected as shown in the typical 
application circuit diagram (Fig.4). The single-ended 
10.7 MHz input IF signal is applied (arbitrarily) to one of 
the two input pins via a ceramic filter. These inputs 
should not be DC coupled as this will disable the on-chip 
feedback which sets the DC operating point of the true 
logarithmic amplifier. The relatively high input impedance 
of these inputs facilitates correct termination of the 
ceramic filter by means of an off-chip resistor. 


The low-frequency cut-off point is determined by the 
value of the capacitors which decouple the overall DC 
feedback as well as the value of the input coupling 
capacitors. The output is AC coupled to a TDA8703 
analog-to-digital converter in order that the value of the 
voltage fed to the reference voltage input ts not critical. It 
could be useful in other applications, where the output 
might be DC coupled to an alternative analog-to-digital 
converter, to derive this reference voltage from the 
centre of the input resistor chain of the analog-to-digital 
converter. 


The additional RSS| output is required only in 
applications where this is not derived in subsequent 
digital signal processing stages. The capacitor 
connected to this output provides a simple peak-hold and 
averaging function. Excessively large values of 
capacitance may lead to distortion of the true logarithmic 
output. 


It may be found advantageous to add two small 
capacitors to speed up the re-enabling of the circuit after 
it has been in power-down mode. These should be 
connected between the circuit enable input and the 
control circuit decoupling capacitors. The size of these 
capacitors will be related to the size of the control circuit 
decoupling capacitors which are required both for 
stability and to prevent degradation of the noise figure. 
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DESCRIPTION PIN CONFIGURATION 














The MC3361 Is a monolithic low-power FM IF signal processing D1 and N Package 
system consisting of an oscillator, mixer, limiting amplifier, 
quadrature detector, filter amplifier, squelch, scan control and mute SeINpe 
switch. It is intended for use in narrow band FM dual conversion CRYSTAL oscitarors| ae 
communications equipment. The MC3361 is available in a 16-lead, 
dual-in-line plastic package and 16-lead SOL (surface-mounted MIXER CUTEUT AUDIO MUTE 
miniature package). vec SCAN CONTROL 

: LIMITER INPUT SQUELCH INPUT 

DECOUPLING FILTER OUTPUT 
FEATURES LIMITER OUTPUT FILTER INPUT 
@ 2.0V to 8.0V operation QUAD INPUT DEMOD OUTPUT 
® Low current: 4.2nTtA typ at Vcc = 4.0Vpc NOTE: 
1. Available in 16-pin SOL package. 








® Excellent sensitivity: 2.0.V for -3dB limiting typ 








® Low external parts count 
® Operation to 6OMHz APPLICATIONS 


® Cordless telephone 
® Narrow band receivers 


® Remote control 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic Dual In-Line Package (DIP) —40 to +85°C MC3361N 0406C 
16-Pin Plastic Small Outline Large (SOL) . —40 to +85°C MC3361 0171B 





BLOCK DIAGRAM 


~— 





MIXER SCAN SQUELCH FILTER FILTER RECOVERED 
INPUT GND MUTE CONTROL IN OUTPUT INPUT AUDIO 





























OSCILLATOR 
| 





CRYSTAL OUTPUT INPUT DECOUPLING COIL 
Osc. 
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ABSOLUTE MAXIMUM RATINGS 


Ta = 25°C unless otherwise noted. 


SYMBOL PARAMETER | PIN | 
Voc (Max) Power supply voltage Voc 
Generating supply voltage range 2.0 to 8.0 








ee 





Detector input voltage 


Input voltage (Vcoc24.0V) « 











01088 











“Storage temperature range 





AC AND DC ELECTRICAL CHARACTERISTICS 
Voc = 4.0Vpc, fo = 10.7MHz, Af = +3.0KHZz, fyrop = 1.0kHz, Ta = 25°C unless otherwise noted. 


LIMITS 
PARAMETER TEST CONDITIONS - UNIT 


Drain current (no signal) mA 
squelch off 4.2 7.0 
squelch on 5.4 


inputting votage——=~SC~“~*~‘~‘~*~*~‘“rtCiSC*dSC Mg | —=dt | 
a 
I ( 


100 
Vin=1.0MVams 


h 


I 
z 
z 
rE 
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a re Cee 
ee ee 

P| Minet.omvas | 40 
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eS See eae 
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TEST CIRCUIT 
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Voc 
‘© 
10.245MHz | 
© MIXER INPUT 
a Ed 10.7MHz 
sae 68pF = 
Pie ig 
muRata : 
CFU455D2 — 14 O AUDIO MUTE 
4 13 | © SCAN CONTROL 
= 10k 
5 | 12 | © $Q SW INPUT 
0.1LF 1.0uF 
| 6 | 11 | : FILTER AMP OUT 
tHe 0 1.0uF 
510 
10 | : (—O FILTER AMP IN 
20k 8.2k 
| 8 | 9 | © AF OUTPUT 
Pe 
0.1),,F iF t | T 0.01,.F 
=| | = 
= | WT | Quad col 


QUAD COIL 
TOKO TYPE 
RMS-2A6597HM 
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NE/SA604A 


DESCRIPTION 

The NE/SA604A is an improved monolithic low-power FM IF system 
incorporating two limiting intermediate frequency amplifiers, 
quadrature detector, muting, logarithmic received signal strength 
indicator, and voltage regulator. The NE/SA604A features higher IF 
bandwidth (25MHz) and temperature compensated RSSI and 
limiters permitting higher performance application compared with the 
NE/SA604. The NE/SA604A is available in a 16-lead dual-in-line 
plastic and 16-lead SO (surface-mounted miniature) package. 


FEATURES 


® Low power consumption: 3.3mA typical 


© Temperature compensated logarithmic Received Signal Strength 
Indicator (RSSI) with a dynamic range in excess of 90dB 


® Two audio outputs - muted and unmuted 
®@ Low external component count; suitable for crystal/ceramic filters 


® Excellent sensitivity: 1.54V across input pins (0.22uV into 50Q 
matching network) for 12dB SINAD (Signal to Noise and Distortion 
ratio) at 455kHz 


® SA604A meets cellular radio specifications 


ORDERING INFORMATION 





ABSOLUTE MAXIMUM RATINGS 


SYMBOL 








are 

T Operating ambient temperature range NE604A 
i | SA604A 
Thermal impedance D package 


N package 
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PIN CONFIGURATION 





D and N Packages 





IF AMP DECOUPLING IF AMP INPUT 
GND IF AMP DECOUPLING 
MUTE INPUT IF AMP OUTPUT 
Voc GND 
RSS| OUTPUT LIMITER INPUT 


MUTE AUDIO OUTPUT LIMITER DECOUPLING 


UNMUTE AUDIO OUTPUT LIMITER DECOUPLING 


QUADRATURE INPUT 








LIMITER 








04066 


- 0 to +70°C NE604AD 0005D 
16-Pin Plastic Small Outline (SO) package (Surface-mount) -40 to +85°C SA604AD 0005D 


PARAMETER 
Single supply voltage a Scr |e | 
Storage temperature range 65 104150 








APPLICATIONS 
® Cellular radio FM IF 


® High performance communications receivers 

® Intermediate frequency amplification and detection up to 25MHz 
© FF level meter 

® Spectrum analyzer 

@ Instrumentation 


® FSK and ASK data receivers 



















RATING UNITS 


0 to +70 ze 

| -40 to +85 °C 
90 °C/W 
75 °C/W 
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BLOCK DIAGRAM 



































DC ELECTRICAL CHARACTERISTICS 
Veco = +6V, Ta = 25°C; unless otherwise stated. 


SYMBOL PARAMETER 


Power supply voltage range 
loc 





LIMITS 






| loc | DC current drain 


Mute switch input threshold (ON) 
(OFF) 
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AC ELECTRICAL CHARACTERISTICS 

Typical reading at T, = 25°C; Vcc = +6V, unless otherwise stated. IF frequency = 455kHz; IF level = -47dBm; FM modulation = 1kHz with 
+8kHz peak deviation. Audio output with C-message weighted filter and de-emphasis capacitor. Test circuit Figure 1. The parameters listed 
below are tested using automatic test equipment to assure consistent electrical characterristics. The limits do not represent the ultimate 
performance limits of the device. Use of an optimized RF layout will improve many of the listed parameters. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS NE604A SA604A UNITS 


ear aes — | — 
ee 
160 650 

ae oa 


La Pas 
a CS 
= Lee i 
Eo eee] 
od aa — 
Pane) eee an i 
Len a a 
aE ec a CN MS 
Mame og: ey 
RFtovel=—reuom | 1_[ 405 | 68 | 40 | 405 | se | v_ 
Ed a Pa 
a eS ia eae 
a aes 7 
al ba 
Ei aa food 














= 






175 


aaa 
eee 
ee [eo 
| 175 175 260 
Ew 
[ee 
ace 
ee: 


530 


a 
a a 
sae 
a [8 







IF output impedance 
Limiter input impedance 


Unmuted audio output resis- 
tance 
Muted audio output resis- 
tance 





NOTE: 
1. NE604 data sheets refer to power at 50Q input termination; about 21dB less power actually enters the internal 1.5k input. 
NE604 (50) NE604A (1.5k)/NE605 (1.5k 
-97dBm -118dBm 
-47dBm -68dBm 
+3dBm -18dBm 


The NE605 and NE604A are both derived from the same basic die. The NE605 performance plots are directly applicable to the NE604A. 
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NE604A TEST CIRCUIT 


C4 Ro 


| 
ba 
NE 604A | 


est 


C3 


C2 
R3 





Cc 


Fy 


Q = 20 LOADED 
es | 








[1] [2] L3] [4] (5) Lé} L7] 18] 


Sj O a 
e) 
MUTE V - 
INPUT EG 


100nF + 80 — 20% 63V K10000-—25V Ceramic 
100nF +10% 50V 

100nF +10% 50V 

100nF +10% 50V 

100nNF +10% 50V 

10pF +2% 100V NPO Ceramic 

100nF +10% 50V 

100nF +10% 50V 

15nF +10% 50V 

150pF +2% 100V N1500 Ceramic 

1nF +10% 100V K2000-Y5P Ceramic 

6.8u.F +20% 25V Tantalum 

455kHz Ceramic Filter Murata SFG455A3 
455kHz (Ce = 180pF) TOKO RMC 2A6597H 
51Q +1% 1/4W Metal Film 

15002 +1% 1/4W Metal Film 

1500Q +5% 1/8W Carbon Composition 
100kKQ +1% 1/4W Metal Film 


SIGNETICS yw 
NE604A TEST CKT 


O© 
Oo 
SLIT Js 27NO OO () 
mic= §\4@ © 


Vivd olanv 


© oO 


Issy 
(e¥e) 
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fe) 
fo) 
fe) 
(eo) 
Cc 
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C41 a als as 


SIGNETICS 
NE604A TEST CKT ¢ 
‘oT o) 





Figure 1. NE/SA604A Test Circuit 
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0.5 
1. 22pF 
ae OE P NE604A TEST CIRCUIT 
Co «(44.545 
== 3rd OVERTURE 
XTAL 
SFG455A3 


0.1uF 








SFG455A3 


0.1pF 





0.1pF 
455kHz 


Q=20 
cr | 
0.11 a | 
T a 10pF | 
L _ 


| 
| 
iE a] 


v 


NE 604A 


Tad aT Tad Tad Oo GT Te 


NE604A IF INPUT (LV) (150002) 


10 


100 ik 


3 £ 


RECOVERED AUDIO FOR 
iS 
° 


+8kHz PEAK DEVIATION (dB) 
Bn 
S 


AUDIO OUT - ‘C’ MESSAGE WEIGHTED 


(OdB REF 


-80 


| 
-120 —100 —80 





0.1,F DATA 
: 100k OUT 
+6V 
C-MSG 
= wh = .t]| rrter | | 
AUDIO 
MUTE 
O L OUT 
RSSI 
10k___100k 


RSSI (VOLTS) 


THD + NOISE 


AM (80% MOD) 


-60 —40 -20 


NE602 RF INPUT (dBm) (502) 


Figure 3. Typical Application Cellular Radio (45MHz to 455kHz) 





CIRCUIT DESCRIPTION 

The NE/SA604A is a very high gain, high frequency device. 
Correct operation is not possible if good RF layout and gain 
stage practices are not used. The NE/SA604A cannot be 
evaluated independent of circuit, components, and board 
layout. A physical layout which correlates to the electrical 
limits is shown in Figure 1. This configuration can be used as 
the basis for production layout. 


The NE/SA604A is an IF signal processing system suitable for IF 
frequencies as high as 21.4MHz. The device consists of two limiting 
amplifiers, quadrature detector, direct audio output, muted audio 
output, and signal strength indicator (with output characteristic). The 
sub-systems are shown in Figure 2. A typical application with 
45MHz input and 455kHz IF is shown in Figure 3. 


IF Amplifiers 

The IF amplifier section consists of two log-limiting stages. The first 
consists of two differential amplifiers with 39dB of gain and a small 
signal bandwidth of 41MHz (when driven from a 50Q source). The 
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output of the first limiter is a low impedance emitter follower with 
1kQ of equivalent series resistance. The second limiting stage 
consists of three differential amplifiers with a gain of 62dB anda 
small signal AC bandwidth of 28MHz. The outputs of the final 
differential stage are buffered to the internal quadrature detector. 
One of the outputs is available at Pin 9 to drive an external 
quadrature capacitor and L/C quadrature tank. 


Both of the limiting amplifier stages are DC biased using feedback. 
The buffered output of the final differential amplifier is fed back to the 
input through 42kQ resistors. As shown in Figure 2, the input 
impedance is established for each stage by tapping one of the 
feedback resistors 1.6kQ from the input. This requires one 
additional decoupling capacitor from the tap point to ground. 


Because of the very high gain, bandwidth and input impedance of 
the limiters, there is a very real potential for instability at IF 
frequencies above 455kHz. The basic phenomenon is shown in 
Figure 6. Distributed feedback (capacitance, inductance and 
radiated fields) 
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Figure 4. First Limiter Bias, 














42k 9 








Figure 6. Feedback Paths 



































HIGH IMPEDANCE 

















LOW IMPEDANCE 




































7b. Low Impedance Termination and Gain Reduction 
Figure 7. Practical Termination 



































Figure 8. Crystal Input Filter with Ceramic interstage Filter 








December 15, 1994 434 


Philips Semiconductors RF Communications Products 


High performance low power FM IF system 


forms a divider from the output of the limiters back to the inputs 
(including RF input). If this feedback divider does not cause 
attenuation greater than the gain of the forward path, then oscillation 
or low level regeneration is likely. If regeneration occurs, two 
symptoms may be present: (1)The RSS! output will be high with no 
signal input (should nominally be 250mV or lower), and (2) the 
demodulated output will demonstrate a threshold. Above a certain 
input level, the limited signal will begin to dominate the regeneration, 
and the demodulator will begin to operate in a {normal” manner. 


There are three primary ways to deal with regeneration: (1) 
Minimize the feedback by gain stage isolation, (2) lower the stage 
input impedances, thus increasing the feedback attenuation factor, 
and (3) reduce the gain. Gain reduction can effectively be 
accomplished by adding attenuation between stages. This can also 
lower the input impedance if well planned. Examples of 
impedance/gain adjustment are shown in Figure 7. Reduced gain 
will result in reduced limiting sensitivity. 


A feature of the NE604A IF amplifiers, which is not specified, is low 
phase shift. Tne NE604A is fabricated with a 10GHz process with 
very small collector capacitance. It is advantageous in some 
applications that the phase shift changes only a few degrees over a 
wide range of signal input amplitudes. 


Stability Considerations 

The high gain and bandwidth of the NE604A in combination with its 
very low Currents permit circuit implementation with superior 
performance. However, stability must be maintained and, to do that, 
every possible feedback mechanism must be addressed. These 
mechanisms are: 1) Supply lines and ground, 2) stray layout 
inductances and capacitances, 3) radiated fields, and 4) phase shift. 
As the system IF increases, so must the attention to fields and 
strays. However, ground and supply loops cannot be overlooked, 
especially at lower frequencies. Even at 455kHz, using the test 
layout in Figure 1, instability will occur if the supply line is not 
decoupled with two high quality RF capacitors, a 0.1.F monolithic 
right at the Vcc pin, and a 6.8uF tantalum on the supply line. An 
electrolytic is not an adequate substitute. At 10.7MHz, a 1LF 
tantalum has proven acceptable with this layout. Every layout must 
be evaluated on its own merit, but don’t underestimate the 
importance of good supply bypass. 


At 455kHz, if the layout of Figure 1 or one substantially similar is 
used, it is possible to directly connect ceramic filters to the input and 
between limiter stages with no special consideration. At frequencies 
above 2MHz, some input impedance reduction is usually necessary. 
Figure 7 demonstrates a practical means. 


As illustrated in Figure 8, 480Q external resistors are applied in 
parallel to the internal 1.6kQ load resistors, thus presenting 
approximately 330Q to the filters. The input filter is a crystal type for 
narrowband selectivity. The filter is terminated with a tank which 
transforms to 330Q. The interstage filter is a ceramic type which 
doesn’t contribute to system selectivity, but does suppress wideband 
noise and stray signal pickup. In wideband 10.7MHz IFs the input 
filter can also be ceramic, directly connected to Pin 16. 


In some products it may be impractical to utilize shielding, but this 
mechanism may be appropriate to 10.7MHz and 21.4MHz IF. One 
of the benefits of low current is lower radiated field strength, but 
lower does not mean non-existent. A spectrum analyzer with an 
active probe will clearly show IF energy with the probe held in the 
proximity of the second limiter output or quadrature coil. No specific 
recommendations are provided, but mechanical shielding should be 
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considered if layout, bypass, and input impedance reduction do not 
solve a stubborn instability. 


The final stability consideration is phase shift. The phase shift of the 
limiters is very low, but there is phase shift contribution from the 
quadrature tank and the filters. Most filters demonstrate a large 
phase shift across their passband (especially at the edges). If the 
quadrature detector is tuned to the edge of the filter passband, the 
combined filter and quadrature phase shift can aggravate stability. 
This is not usually a problem, but should be kept in mind. 


Quadrature Detector ' 

Figure 5 shows an equivalent circuit of the NE604A quadrature 
detector. It is a multiplier cell similar to a mixer stage. Instead of 
mixing two different frequencies, it mixes two signals of common 
frequency but different phase. Internal to the device, a constant 
amplitude (limited) signal is differentially applied to the lower port of 
the multiplier. The same signal is applied single-ended to an «* 
external capacitor at Pin 9. There is a 90° phase shift across the 
plates of this capacitor, with the phase shifted signal applied to the 
upper port of the multiplier at Pin 8. A quadrature tank (parallel L/C 
network) permits frequency selective phase shifting at the IF 
frequency. This quadrature tank must be returned to ground through 
a DC blocking capacitor. 


The loaded Q of the quadrature tank impacts three fundamental 
aspects of the detector: Distortion, maximum modulated peak 
deviation, and audio output amplitude. Typical quadrature curves 
are illustrated in Figure 10. The phase angle translates to a shift in 
the multiplier output voltage. 


Thus a small deviation gives a large output with a high Q tank. 
However, as the deviation from resonance increases, the 
non-linearity of the curve increases (distortion), and, with too much 
deviation, the signal will be outside the quadrature region (limiting 
the peak deviation which’tan be demodulated). If the same peak 
deviation is applied to a lower Q tank, the deviation will remain in a 
region of the curve which is more linear (less distortion), but creates 
a smaller phase angle (smaller output amplitude). Thus the Q of the 
quadrature tank must be tailored to the design. Basic equations and 
an example for determining Q are shown below. This explanation 
includes first-order effects only. 


Frequency Discriminator Design Equations for 
NE604A 




















VOUT 
| || T 
Figure 9. 
(1a) 
O= Cs e 1 e VIN 
Cp+Cs 4 @1.2 
1+ q,s* a) 
where 0 = 1 5 (1b) 





+ L(Cp Z Cs) 


Qy = R (Cp + Cs) oy 
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From the above equation, the phase shift between nodes 1 and 2, or 
the phase across Cg will be: 


oy (2) 
o=ZVo- ZVIN= tg? sels 

4 y* 

1-V@ 

Figure 10 is the plot of 6 vs. (2) 

wy "e 
It is notable that at @ = w ,, the phase shift is 
TT 


-—~ and the response is close to a straight 


2 
toh a OW. 20} 
line with a slope of ~ AG) = OQ; 


The signal Vg would have a phase shift of 


E _ 2Q; a] with respect to the Vin. 


2 
If Vin =A Sin Ot => Vo=A (3) 
sin| ot+ 2 _ 221 @ 
2 ; 


Multiplying the two signals in the mixer, and | 
low pass filtering yields: 
Vin ® Vo = AZ Sin ot (4) 
sin] at+ % _ 221 w 
2 4 
after low pass filtering 


5 
= Vout = 5 A2 Cos] 2 2Q4 0] ©) 





| 2 Oy 
- 5 A? Sin/ =) @ 
Vout & 2Q ze 7 | 20: (A) (6) 
For a << 3 


Which is discriminated FM output. (Note that AQ is the deviation 
frequency from the carrier @4. 


Ref. Krauss, Raab, Bastian; Solid State Radio Eng.; Wiley, 1980, p. 
311. Example: At 455kHz IF, with +5kKHz FM deviation. The 
maximum normalized frequency will be 


455 +5kHz 
= = 1.010 0r 0. 
ice 010 or 0.990 


Go to the f vs. normalized frequency curves (Figure 10) and draw a 
vertical straight line at 


CY) 
oe 


The curves with Q = 100, Q = 40 are not linear, but Q = 20 and less 
shows better linearity for this application. Too small Q decreases 


the amplitude of the discriminated FM signal. (Eq. 6) => Choose a 
Q= 20 


The internal R of the 604A is 40k. From Eq. 1c, and then 1b, it 
results that 


Cp + Cg = 174pF and L = 0.7mH. 
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A more exact analysis including the source resistance of the 
previous stage shows that there is a series and a parallel resonance 
in the phase detector tank. To make the parallel and series 
resonances close, and to get maximum attenuation of higher 
harmonics at 455kHz IF, we have found that a Cs = 10pF and Cp = 
164pF (commercial values of 150pF or 180pF may.be practical), will 
give the best results. A variable inductor which can be adjusted 
around 0.7mH should be chosen and optimized for minimum 
distortion. (For 10.7MHz, a value of Cs = 1pF is recommended.) 


Audio Outputs 

Two audio outputs are provided. Both are PNP current-to-voltage 
converters with 55kQ nominal internal loads. The unmuted output 
is always active to permit the use of signaling tones in systems such 
as cellular radio. The other output can be muted with 70dB typical 
attenuation. The two outputs have an internal 180° phase 
difference. | J 


The nominal frequency response of the audio outputs is 300KHz. 
this response can be increased with the addition of external 
resistors from the output pins to ground in parallel with the internal 
55k resistors, thus lowering the output time constant. Singe the 
output structure is a current-to-voltage converter (current is driven 
into the resistance, creating a voltage drop), adding external parallel 
resistance also has the effect of lowering the output audio amplitude 
and DC level. 


This technique of audio bandwidth expansion can be effective in 
many applications such as SCA receivers and data transceivers. 
Because the two outputs have a 180° phase relationship, FSK 
demodulation can be accomplished by applying the two output 
differentially across the inputs of an op amp or comparator. Once 
the threshold of the reference frequency (or “no-signal” condition) 
has been established, the two outputs will shift in opposite directions 
(higher or lower output voltage) as the input frequency shifts. The 
output of the comparator will be logic output. The choice of op amp 
or comparator will depend on the data rate. With high IF frequency 
(10MHz and above), and wide IF bandwidth (L/C filters) data rates in 
excess of 4Mbaud are possible. 


RSSI 

The “received signal strength indicator’, or RSSI, of the NE604A 
demonstrates monotonic logarithmic output over a range of 90dB. 
The signal strength output is derived from the summed stage 
currents in the limiting amplifiers. It is essentially independent of the 
IF frequency. Thus, unfiltered signals at the limiter inputs, spurious 
products, or regenerated signals will manifest themselves as RSSI 
outputs. An RSS| output of greater than 250mV with no signal (or a 
very small signal) applied, is an indication of possible regeneration 
or oscillation. 


In order to achieve optimum RSSI linearity, there must be a 12dB 
insertion loss between the first and second limiting amplifiers. With 
a typical 455kHz ceramic filter, there is a nominal 4dB insertion loss 
in the filter. An additional 6dB is lost in the interface between the 
filter and the input of the second limiter. A small amount of 
additional loss must be introduced with a typical ceramic filter. In the 
test circuit used for cellular radio applications (Figure 3) the optimum 
linearity was achieved with a 5.1kQ resistor from the output of the 
first limiter (Pin 14) to the input of the interstage filter. With this 
resistor from Pin 14 to the filter, sensitivity of O.25UV for 12dB 


SINAD was achieved. With the 3.6kQ resistor, sensitivity was 
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optimized at 0.22UV for 12dB SINAD with minor change in the RSSI 
linearity. 


Any application which requires optimized RSS| linearity, such as 
spectrum analyzers, cellular radio, and certain types of telemetry, 
will require careful attention to limiter interstage component 
selection. This will be especially true with high IF frequencies which 
require insertion loss or impedance reduction for stability. 


At low frequencies the RSSI makes an excellent logarithmic AC 
voltmeter. 


For data applications the RSSI is effective as an amplitude shift 
keyed (ASK) data slicer. If a comparator is applied to the RSSI and 
the threshold set slightly above the no signal level, when an in-band 
signal is received the comparator will be sliced. Unlike FSK 
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demodulation, the maximum data rate is somewhat limited. An 
internal capacitor limits the RSSI frequency response to about 
100kHz. At high data rates the rise and fall times will not be 
symmetrical. 


The RSSI output is a current-to-voltage converter similar to the 
audio outputs. However, an external resistor is required. Witha 
91kQ resistor, the output characteristic is 0.5V for a 10dB change in 
the input amplitude. 


Additional Circuitry 

Internal to the NE604A are voltage and current regulators which 
have been temperature compensated to maintain the performance 
of the device over a wide temperature range. These regulators are 
not accessible to the user. 
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DESCRIPTION PIN CONFIGURATION 
The NE/SA614<A is an improved monolithic low-power FM IF system ; 
incorporating two limiting intermediate frequency amplifiers, 
quadrature detector, muting, logarithmic received signal strength 
indicator, and voltage regulator. The NE/SA614A features higher IF 
bandwidth (25MHz) and temperature compensated RSSI and 
limiters permitting higher performance application compared with the MUTE INPUT 
NE/SA604. The NE/SA614A is available in a 16-lead dual-in-line 
plastic and 16-lead SO (surface-mounted miniature) package. 





D and N Packages 


IF AMP DECOUPLING IF AMP INPUT 


GND IF AMP DECOUPLING 


IF AMP OUTPUT 


GND 
LIMITER INPUT 


Vcc 
RSSI OUTPUT 


MUTE AUDIO OUTPUT LIMITER DECOUPLING 

















FEATURES UNMUTE AUDIO OUTPUT LIMITER DECOUPLING 
@ Low power consumption: 3.3mA typical QUADRATURE INPUT LIMITER 
® Temperature compensated logarithmic Received Signal Strength 
Indicator (RSSI) with a dynamic range in excess of 90dB 
® Two audio outputs - muted and unmuted APPLICATIONS 
® Low external component count; suitable for crystal/ceramic filters ® Cellular radio FM IF 
® Excellent sensitivity: 1.5uV across input pins (0.22uV into 50Q t High performance communications receivers 
matching network) for 12dB SINAD (Signal to Noise and Distortion rar 
ratio) at 455kHz ® Intermediate frequency amplification and detection up to 25MHz 
® SA614A meets cellular radio specifications © FF level meter 


® Spectrum analyzer 
® Instrumentation 


® FSK and ASK data receivers 


ORDERING INFORMATION 









16-Pin Plastic Dual In-Line Package (DIP) 
16-Pin Plastic Small Outline (SO) package (Surface-mount) 
16-Pin Plastic Dual In-Line Package (DIP) | 
16-Pin Plastic Small Outline (SO) package (Surface-mount) 


LIMITER 
















BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


Storage temperature range -65 to +150 se 


cc 
Ta Operating ambient temperature range NE614A 0 to +70 °C 
SA614A -40 to +85 °C 
Oya Thermal impedance D package 90 °C/W 
N package 75 CMW 


DC ELECTRICAL CHARACTERISTICS 
Voc = +6V, Ta = 25°C; unless otherwise stated. 


SYMBOL PARAMETER | «“NESI4A SA614A UNITS 


} 2 a 


Mute switch input threshold (ON) 17 17 V 
(OFF) ; 1.0 ; 1.0 V 














LIMITS 





TEST CONDITIONS 
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AC ELECTRICAL CHARACTERISTICS 


Typical reading at Ta = 25°C; Vcc = +6V, unless otherwise stated. IF frequency = 455kHz; IF level = -47dBm; FM modulation = 1kHz with 
+8kHz peak deviation. Audio output with C-message weighted filter and de-emphasis capacitor. Test circuit Figure 1. The parameters listed 
below are tested using automatic test equipment to assure consistent electrical characterristics. The limits do not represent the ultimate 
performance limits of the device. Use of an optimized RF layout will improve many of the listed parameters. 


LIMITS | 
E/SAG14A 





SYMBOL PARAMETER TEST CONDITIONS UNITS 


| Input limiting -3dB ~ Test at Pin 16 | | -92 
“AM rejection 180% AM 1kHz 25 


15nF de-emphasis 





MAX 


= 
= 
= E 
=< 
UV 





dBm/50Q 



















260 mVams 





Recovered audio level 


Recovered audio level 


150pF de-emphasis mVams 










fF 








THD | Total harmonic distortion -30 
S/N Signal-to-noise ratio No modulation for noise ce | 68 d 
| RF level = -118dBm —— ae ~ AE 800 V 


RF level = -68dBm 
RF level = -18dBm 36. | 
RSSI range Rg = 100k (Pin 5) | 

RSSI accuracy | Rg = 100k (Pin 5) 


7 | IF input impedance | 


IF output impedance 


RSS| output! 2.50 | 


4.80 






— 
NJ 





+2.0 : 


So) 


_ 
bp 


ol tS) 


o1 
co 
xa| x 
+e) 


Cc 
() 
tl CO; © 





Limiter input impedance | 


Unmuted audio output resistance 


Muted audio output resistance Po 58 Q 
NOTE: 
1. NE614A data sheets refer to power at 50Q input termination; about 21dB less power actually ente/s the internal 1.5k input. 
NE614A (50) NE614A (1.5k)/NE615 (1.5k 
-97dBm -118dBm 
-47dBm -68dBm 
+3dBm -18dBm 


The NE615 and NE614<A are both derived from the same basic die. The NE615 performance plots are directly applicable to the NE614A. 


December 15, 1994 440 


Philips Semiconductors RF Communications Products 


Product specification 





Low power FM IF system 


NE/SA614A 














Coa one Sve Gea re 


NE614A TEST CIRCUIT a 
C1 Ro C2 
R3 
INPUT 
R4 
C3 


(1) [2] L3} [4] (5) Lé} 17] 18) 


MUTE 
INPUT 


100nF + 80 — 20% 63V K10000-25V Ceramic 
100nF +10% 50V 

100nF +10% 50V 

100nF +10% 50V 

100nF +10% 50V 

10pF +2% 100V NPO Ceramic 

100nF +10% 50V 

100nF +10% 50V 

15nF +10% 50V 

150pF +2% 100V N1500 Ceramic 

1nF +10% 100V K2000-Y5P Ceramic 

6.8F +20% 25V Tantalum 

455kHz Ceramic Filter Murata SFG455A3 
455kHz (Ce = 180pF) TOKO RMC 2A6597H 
51Q +1% 1/4W Metal Film 

1500Q +1% 1/4W Metal Film 

15000 +5% 1/8W Carbon Composition 
100kQ +1% 1/4W Metal Film 


C1 


C3 
C4 
C5 
C6 
C7 


cg 
c10 
C11 
C12 
F1 
F2 
R1 
R2 
R3 
R4 





SIGNETICS 
NE614 TEST CKT 
O© | 


sLIT ys, 


mojace 


gO 
Q 


o© 
© 


©) 


7XOQ OO ©) ©) 


S\7o 


Oo 


oto 
O) 


© 


oun 
Ov 
© 


(oh eKeKe XoXo) 


- 















+ 
i? C5 





Cg 


il C10 


(5) AUDIO 
OUTPUT 








Ore 
OUTPUT 


SIGNETICS 
NE614 TEST CKT ° 
Oo 


Figure 1. NE/SA614A Test Circuit 
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Figure 2. Equivalent Circuit 
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0.5 
i: 22pF 
re ‘E f NE604A TEST CIRCUIT 
Cm «(44.545 
5.5uH == 3rd OVERTURE 
XTA 


SFG455A3 


= RECOVERED AUDIO FOR 
+8kHz PEAK DEVIATION (dB) 


AUDIO OUT — ‘C’ MESSAGE WEIGHTED 
(0dB REF 


~120 -100 


NE602 RF INPUT (dBm) (502) 


Figure 3. Typical Application Cellular Radio (45MHz to 455kHz) 


RSSI (VOLTS) 
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SFG455A3 
455kHz 
Q=20 
pee es 
Lf —— 4 
y O.1uF 
NE 604A + — 
O 
DATA 
OUT 
C-MSG 
t] rirer | 4 
AUDIO 
= OUT 


- RSSI 


THD + NOISE 


AM (80% MOD) 


-60 —40 











CIRCUIT DESCRIPTION 

The NE/SA614A is a very high gain, high frequency device. 
Correct operation is not possible if good RF layout and gain 
stage practices are not used. The NE/SA614A cannot be 
evaluated independent of circuit, components, and board 
layout. A physical layout which correlates to the electrical 
limits is shown in Figure 1. This configuration can be used as 
the basis for production layout. 


The NE/SA614A is an IF signal processing system suitable for IF 
frequencies as high as 21.4MHz. The device consists of two limiting 
amplifiers, quadrature detector, direct audio output, muted audio 
output, and signal strength indicator (with log output characteristic). 
The sub-systems are shown in Figure 2. A typical application with 
45MHz input and 455kHz IF is shown in Figure 3. 


IF Amplifiers , 

The IF amplifier section consists of two log-limiting stages. The first 
consists of two differential amplifiers with 39dB of gain and a small 
signal bandwidth of 41MHz (when driven from a 50Q source). The 
output of the first limiter is a low impedance emitter follower with 
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1kQ of equivalent series resistance. The second limiting stage 
consists of three differential amplifiers with a gain of 62dB anda 
small signal AC bandwidth of 28MHz. The outputs of the final 
differential stage are buffered to the internal quadrature detector. 
One of the outputs is available at Pin 9 to drive an external 
quadrature capacitor and L/C quadrature tank. 


Both of the limiting amplifier stages are DC biased using feedback. 
The buffered output of the final differential amplifier is fed back to the 
input through 42kQ resistors. As shown in Figure 2, the input 
impedance is established for each stage by tapping one of the 
feedback resistors 1.6kQ from the input. This requires one 
additional decoupling capacitor from the tap point to ground. 
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Figure 4. First Limiter Bias, 





42k 9 








Figure 6. Feedback Paths 








12 40k 


par 40k 





80k 





Figure 5. Second Limiter and Quadrature Detector 










HIGH IMPEDANCE 

















LOW IMPEDANCE 









7a. Terminating High Impedance Filters with Transformation to Low Impedance 








Tt 























7b. Low Impedance Termination and Gain Reduction 
Figure 7. Practical Termination 





























NE 614A 














Figure 8. Crystal Input Filter with Ceramic Interstage Filter 
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Because of the very high gain, bandwidth and input impedance of 
the limiters, there is a very real potential for instability at IF 
frequencies above 455kHz. The basic phenomenon is shown in 
Figure 6. Distributed feedback (capacitance, inductance and 
radiated fields) forms a divider from the output of the limiters back to 
the inputs (including RF input). If this feedback divider does not 
cause attenuation greater than the gain of the forward path, then 
oscillation or low level regeneration is likely. If regeneration occurs, 
two symptoms may be present: (1)The RSSI output will be high with 
no signal input (should nominally be 250mvV or lower), and (2) the 
demodulated output will demonstrate a threshold. Above a certain 
input level, the limited signal will begin to dominate the regeneration, 
and the demodulator will begin to operate in a “normal” manner. 


There are three primary ways to deal with regeneration: (1) 
Minimize the feedback by gain stage isolation, (2) lower the stage 
input impedances, thus increasing the feedback attenuation factor, 
and (3) reduce the gain. Gain reduction can effectively be 
accomplished by adding attenuation between stages. This can also 
lower the input impedance if well planned. Examples of 
impedance/gain adjustment are shown in Figure 7. Reduced gain 
will result in reduced limiting sensitivity. 


A feature of the NE614A IF amplifiers, which is not specified, is low 
phase shift. The NE614A is fabricated with a 10GHz process with 
very small collector capacitance. It is advantageous in some 
applications that the phase shift changes only a few degrees over a 
wide range of signal input amplitudes. 


Stability Considerations 

The high gain and bandwidth of the NE614A in combination with its 
very low currents permit Circuit implementation with superior 
performance. However, stability must be maintained and, to do that, 
every possible feedback mechanism must be addressed. These 
mechanisms are: 1) Supply lines and ground, 2) stray layout 
inductances and capacitances, 3) radiated fields, and 4) phase shift. 
As the system IF increases, so must the attention to fields and 
strays. However, ground and supply loops cannot be overlooked, 
especially at lower frequencies. Even at 455kHz, using the test 
layout in Figure 1, instability will occur if the supply line is not 
decoupled with two high quality RF capacitors, a 0.1.F monolithic 
right at the Vcc pin, and a 6.8uF tantalum on the supply line. An 
electrolytic is not an adequate substitute. At 10.7MHz, a 1pF 
tantalum has proven acceptable with this layout. Every layout must 
be evaluated on its own merit, but don’t underestimate the 
importance of good supply bypass. 


At 455kHz, if the layout of Figure 1 or one substantially similar is 
used, it is possible to directly connect ceramic filters to the input and 
between limiter stages with no special consideration. At frequencies 
above 2MHz, some input impedance reduction is usually necessary. 
Figure 7 demonstrates a practical means. 


As illustrated in Figure 8, 430Q external resistors are applied in 
parallel to the internal 1.6kQ load resistors, thus presenting 
approximately 3302 to the filters. The input filter is a crystal type for 
narrowband selectivity. The filter is terminated with a tank which 
transforms to 330Q. The interstage filter is a ceramic type which 
doesn’t contribute to system selectivity, but does suppress wideband 
noise and stray signal pickup. In wideband 10.7MHz IFs the input 
filter can also be ceramic, directly connected to Pin 16. 


In some products it may be impractical to utilize shielding, but this 
mechanism may be appropriate to 10.7MHz and 21.4MHz IF. One 
of the benefits of low current is lower radiated field strength, but 
lower does not mean non-existent. A spectrum analyzer with an 
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active probe will clearly show IF energy with the probe held in the 
proximity of the second limiter output or quadrature coil. No specific 
recommendations are provided, but mechanical shielding should be 
considered if layout, bypass, and input impedance reduction do not 
solve a stubborn instability. 


The final stability consideration is phase shift. The phase shift of the 
limiters is very low, but there is phase shift contribution from the 
quadrature tank and the filters. Most filters demonstrate a large 
phase shift across their passband (especially at the edges). If the 
quadrature detector is tuned to the edge of the filter passband, the 
combined filter and quadrature phase shift can aggravate stability. 
This is not usually a problem, but should be kept in mind. 


Quadrature Detector 

Figure 5 shows an equivalent circuit of the NE614A quadrature 
detector. It is a multiplier cell similar to a mixer stage. Instead of 
mixing two different frequencies, it mixes two signals of common 
frequency but different phase. Internal to the device, a constant 
amplitude (limited) signal is differentially applied to the lower port of 
the multiplier. The same signal is applied single-ended to an 
external capacitor at Pin 9. There is a 90° phase shift across the 
plates of this capacitor, with the phase shifted signal applied to the 
upper port of the multiplier at Pin 8. A quadrature tank (parallel L/C 
network) permits frequency selective phase shifting at the IF 
frequency. This quadrature tank must be returned to ground through 
a DC blocking capacitor. 


The loaded Q of the quadrature tank impacts three fundamental 
aspects of the detector: Distortion, maximum modulated peak 
deviation, and audio output amplitude. Typical quadrature curves 
are illustrated in Figure 10. The phase angle translates to a shift in 
the multiplier output voltage. 


Thus a small deviation gives a large output with a high Q tank. 
However, as the deviation from resonance increases, the 
non-linearity of the curve increases (distortion), and, with too much 
deviation, the signal will be outside the quadrature region (limiting 
the peak deviation which can be demodulated). If the same peak 
deviation is applied to a lower Q tank, the deviation will remain in a 
region of the curve which is more linear (less distortion), but creates 
a smaller phase angle (smaller output amplitude). Thus the Q of the 
quadrature tank must be tailored to the design. Basic equations and 
an example for determining Q are shown below. This explanation 
includes first-order effects only. 


Frequency Discriminator Design Equations for 
NE614A 





i 





Figure 9. 
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where wy = (1b) 
~V L(Cp + Cg) 
= R (Cp + Cg) oy (1c) 


Se 


From the above equation, the phase shift between nodes 1 and 2, or 
the phase across Cg will be: 
04 (2) 


) 


O 


d= ZVo- ZVIN= tg? 


01.2 


“_—~ 
S| 


1- 


Figure 10 is the plot of 6 vs. (2) 

4 
It is notable that at m = @,, the phase shift is 
eo and the response is close to a straight 


. Ao 2Q, 
line with a slope of Aw > Oy 


The signal Vo would have a phase shift of 


E _ 2Q; a] with respect to the Vin. 


2 0; 
If Vin=ASin @t=>Vo=A (3) 
gin| @t+ 2% _ 221 @ 
2 ur 


Multiplying the two signals in the mixer, and 
low pass filtering yields: 


Vin ® Vo = AZ Sin ot (4) 
sin| at+ 2 _ 221 @ 
2 ( 
after low pass filtering 


5 
= Vout=—+ p2 Cos] _ 2Qy 0| (5) 
2 2 (; 


= + Az Sin =) wo 


0) (, + AW (6) 
Vout < 20; — =] 2q,( 1 ) 
ovr [ 1 ( 4 ) 


2Q1M Tt 


For << “5 





Which is discriminated FM output. (Note that A@ is the deviation 
frequency from the carrier 0). 
Ref. Krauss, Raab, Bastian; Solid State Radio Eng.; Wiley, 1980, p. 


311. Example: At 455kHz IF, with +5kHz FM deviation. The 
maximum normalized frequency will be 


28 SO = 1.010 or 0.990 
455 


Go to the f vs. normalized frequency curves (Figure 10) and draw a 
vertical straight line at 


@ 
oe ee 


December 15, 1994 


The curves with Q = 100, Q = 40 are not linear, but Q zs 20 and less 
shows better linearity for this application. Too small Q decreases 
the amplitude of the discriminated FM signal. (Eq. 6) = Choose a 
Q=20 


The internal R of the 614A is 40k. From Eq. 1c, and then 1b, it 
results that 


Cp + Cg = 174pF and L = 0.7mH. 


A more exact analysis including the source resistance of the 
previous stage shows that there is a series and a parallel resonance 
in the phase detector tank. To make the parallel and series 
resonances close, and to get maximum attenuation of higher 
harmonics at 455kHz IF, we have found that a Cs = 10pF and Cp = 
164pF (commercial values of 150pF or 180pF may be practical), will 
give the best results. A variable inductor which can be adjusted 
around 0.7mH should be chosen and optimized for minimum 
distortion. (For 10.7MHz, a value of Cs = 1pF is recommended. ): 


Audio Outputs 

Two audio outputs are provided. Both are PNP current-to-voltage 
converters with 55kQ nominal internal loads. The unmuted output 
is always active to permit the use of signaling tones in systems such 
as cellular radio. The other output can be muted with 70dB typical 


attenuation. The two outputs have an internal 180° phase 
difference. 


The nominal frequency response of the audio outputs is 300kKHz. 
this response can be increased with the addition of external 
resistors from the output pins to ground in parallel with the internal 
55k resistors, thus lowering the output time constant. Singe the 
output structure is a current-to-voltage converter (current is driven 
into the resistance, creating a voltage drop), adding external parallel 
resistance also has the effect of lowering the output audio amplitude 
and DC level. 


This technique of audio bandwidth expansion can be effective in 
many applications such as SCA receivers and data transceivers. - 
Because the two outputs have a 180° phase relationship, FSK 
demodulation can be accomplished by applying the two output 
differentially across the inputs of an op amp or comparator. Once 
the threshold of the reference frequency (or “no-signal” condition) 
has been established, the two outputs will shift in opposite directions 
(higher or lower output voltage) as the input frequency shifts. The 
output of the comparator will be logic output. The choice of op amp 
or comparator will depend on the data rate. With high IF frequency 
(10MHz and above), and wide IF bandwidth (L/C filters) data rates in 
excess of 4Mbaud are possible. 


RSSI 

The “received signal strength indicator’, or RSSI, of the NE614A 
demonstrates monotonic logarithmic output over a range of 90dB. 
The signal strength output is derived from the summed stage 
currents in the limiting amplifiers. It is essentially independent of the 
IF frequency. Thus, unfiltered signals at the limiter inputs, spurious 
products, or regenerated signals will manifest themselves as RSSI 
outputs. An RSSI output of greater than 250mvV with no signal (or a 
very small signal) applied, is an indication of possible regeneration 
or oscillation. 


In order to achieve optimum RSSI linearity, there must be a 12dB 
insertion loss between the first and second limiting amplifiers. With 
a typical 455kHz ceramic filter, there is a nominal 4dB insertion loss 
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in the filter. An additional 6aB is lost in the interface between the 
filter and the input of the second limiter. A small amount of 
additional loss must be introduced with a typical ceramic filter. In the 
test circuit used for cellular radio applications (Figure 3) the optimum 
linearity was achieved with a 5.1kQ resistor from the output of the 
first limiter (Pin 14) to the input of the interstage filter. With this 
resistor from Pin 14 to the filter, sensitivity of O.25UV for 12dB 
SINAD was achieved. With the 3.6kQ resistor, sensitivity was 
optimized at 0.22UV for 12dB SINAD with minor change in the RSSI 
linearity. 


Any application which requires optimized RSSI linearity, such as 
spectrum analyzers, cellular radio, and certain types of telemetry, 
will require careful attention to limiter interstage component 
selection. This will be especially true with high IF frequencies which 
require insertion loss or impedance reduction for stability. 


At low frequencies the RSSI makes an excellent logarithmic AC 
voltmeter. 


For data applications the RSSI is effective as an amplitude shift 
keyed (ASK) data slicer. If a comparator is applied to the RSSI and 
the threshold set slightly above the no signal level, when an in-band 
signal is received the comparator will be sliced. Unlike FSK 
demodulation, the maximum data rate is somewhat limited. An 
internal capacitor limits the RSSI frequency response to about 
100kHz. At high data rates the rise and fall times will not be 
symmetrical. 


The RSSI output is a current-to-voltage converter similar to the 
audio outputs. However, an external resistor is required. Witha 
91kQ resistor, the output characteristic is 0.5V for a 10dB change in 
the input amplitude. 


Additional Circuitry 

Internal to the NE614A are voltage and current regulators which 
have been temperature compensated to maintain the performance 
of the device over a wide temperature range. These regulators are 
not accessible to the user. 
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DESCRIPTION 


Although the NE604 was designed as an RF device intended for the 
cellular radio market, it has features which permit other design 
configurations. One of these features is the Received Signal 
Strength Indicator (RSSI). In a cellular radio, this function is 
necessary for continuous monitoring of the received signal strength 
by the radio’s microcomputer. This circuit provides a logarithmic 
response proportional to the input signal level. The NE604 can 
provide this logarithmic response over an 80dB range up toa 
15MHz operating frequency. This paper describes a technique which 
optimizes this usefulfunction within the audio band. 


A sensitive audio level indicator circuit can be constructed using two 
integrated circuits: the NE604 and NE532. This circuit draws very 
little power (less than 5mA with a single 6V power supply) making it 
ideal for portable battery operated equipment. The small size and 
low-power consumption belie the 80dB dynamic range and 10.5uV 
sensitivity. 


The RSSI function requires a DC output voltage which is 
proportional to the log;9 of the input signal level. Thus a standard 
0-5 voltmeter can be linearly calibrated in decibels over a single 
80dB range. The entire circuit is composed of 9 capacitors and two 
resistors along with the two ICs. No tuning or calibration is required 
in a manufacturing setting. 


The Audio Input vs Output Graph shows that the circuit is within 
1.5dB tolerance over the 80dB range for audio frequencies from 
100Hz to 10kHz. Higher audio levels can be measured by placing 
an attenuator ahead of the input capacitor. The input impedance is 
high (about 50k), so lower impedance terminations (50 or 600Q) will 
not be affected by the input impedance. If very accurate tracking is 
required (<0.5dB accuracy), a 40 or 50dB segment can be 
“selected”. A range switch can then be added with appropriate 


There are two amplifier sections in the 604 with 2 and 3 stages in 
the first and second sections respectively. Each stage outputs a 
sample current to a summing Circuit. The summing circuit has a 
current mirror which appears at Pin 5. This current is proportional to 
the logy9 of the input audio signal. A voltage is dropped across the 
100k resistor by the current, and a 0.1,1F capacitor is used to 
bypass and filter the output signal. The 532 op amp is used as a 
buffer and meter driver, although a digital voltmeter could replace 
both the op amp and the meter shown. The rest of the capacitors 
are used for power supply and amplifier input bypassing. 


The RC circuit between Pins 14 and 12 forms a low-pass filter which 
can be adjusted by changing the value of C1. Raising the 
capacitance will lower the cut-off frequency and also lower the zero 
signal output resting voltage (about 0.6V). Lowering the capacitance 
value will have the opposite effect with some reduction in dynamic 
range, but will raise the frequency response. The 2kQ resistor value 
provides the near-ideal inter-stage loss for maximum RSSI linearity. 
C2 can also be changed. The trade-off here is between output 
damping and ripple. Most analog and digital metering methods will 
tend to cancel the effects of small or moderate ripple voltages 
through integration, but high ripple voltages should be avoided. 


0dB = 300mVp.p 
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A second op amp is used with an optional second filter. This filter 
has the advantage of a low impedance signal source by virtue of the 
first op amp. Again, a trade-off exists between meter damping and 
ripple attenuation. If very low ripple and low damping are both 
required, a more complex active low-pass filter should be 
constructed. 


Microphone tester 

Audio spectrum analyzer 

VU meters 

S-meter for direct conversion radio receiver 


Some applications of this circuit might include: nude Same vandetestele 


of Oh ae ON 


1. Portable acoustic analyzer Audio analyzers (THD, noise, separation, response, etc.) 
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ABSTRACT 

This paper discusses four high sensitivity receivers and IF 
(Intermediate Frequency) strips which utilize intermediate 
frequencies of 10.7MHz or greater. Each circuit utilizes a low-power 
VHF mixer and high-performance low-power IF strip. The circuit 
configurations are 


45 or 49MHz to 10.7MHz narrowband, 
9OMHZz to 21.4MHz narrowband, 
100MHz to 10.7MHz wideband, and 
4. 152.2MHz to 10.7MHz narrowband. 


GN 


Each circuit is presented with an explanation of component selection 
criteria, (to permit adaptation to other frequencies and bandwidths). 
Optional configurations for local oscillators and data demodulators 
are summarized. 


INTRODUCTION 

Traditionally, the use of 10.7MHz as an intermediate frequency has 
been an attractive means to accomplish reasonable image rejection 
in VHF/UHF receivers. However, applying significant gain at a high 
IF has required extensive gain stage isolation to avoid instability and 
very high current consumption to get adequate amplifier gain 
bandwidth. By enlightened application of two relatively new low 
power ICs, Signetics NE602 and NE604A, it is possible to build 
highly producible IF strips and receivers with input frequencies to 
several hundred megahertz, IF frequencies of 10.7 or 21.4MHz, and 


sensitivity less than 2uV (in many cases less than 1pV). The 
Signetics new NE605 combines the function of the NE602 and the 
NE604A. All of the circuits described in this paper can also be 
implemented with the NE605. The NE602 andNE604A were utilized 
for this paper to permit optimum gain stage isolation and filter 
location. 


THE BASICS 

First let’s look at why it is relevant to use a 10.7 or 21.4MHz 
intermediate frequency. 455kHz ceramic filters offer good selectivity 
and small size at a low price. Why use a higher IF? The fundamental 
premise for the answer to this question is that the receiver 
architecture is a hetrodyne type as shown in Figure 1. 


A pre-selector (bandpass in this case) precedes a mixer and local 
oscillator. An IF filter follows the mixer. The IF filter is only supposed 
to pass the difference (or sum) of the local oscillator (LO) frequency 
and the preselector frequency. : 


The reality is that there are always two frequencies which can 
combine with the LO: The pre-selector frequency and the “image” 
frequency. Figure 2 shows two hypothetical pre-selection curves. 
Both have 3dB bandwidths of 2MHz. This type of pre-selection is 
typical of consumer products such as cordless telephone and FM 
radio. Figure 2A shows the attenuation of a low side image with 
10.7MHz. Figure 2B shows the very limited attenuation of the low 
side 455kHz image. 
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Figure 1. Basic Hetrodyne Receiver 
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Figure 2. Effects of Preselection on Images 
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Figure 4. Feedback Paths 
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Figure 5. NE602 Equivalent Circuit 


If the single conversion architecture of Figure 1 were implemented 
with a 455kHz IF, any interfering image would be received almost as 
well as the desired frequency. For this reason, dual conversion, as 
shown in Figure 3, has been popular. 


In the application of Figure 3, the first IF must be high enough to 
permit the pre-selector to reject the images of the first mixer and 
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must have a narrow enough bandwidth that the second mixer 
images and the intermod products due to the first mixer can be 
attenuated. There’s more to it than that, but those are the basics. 
The multiple conversion hetrodyne works well, but, as Figure 3 
suggests, compared to Figure 2 it is more complicated. Why, then, 
don’t we use the approach of Figure 2? 
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THE PROBLEM expense, both added to the potential for instabilities, so the multiple 
Historically there has been a problem: Stability! Commercially conversion started looking good again. 

available integrated IF amplifiers have been limited to about 60cB of 
gain. Higher discrete gain was possible if each stage was carefully There are three basic mechanisms. First, ground and the supply line 
shielded and bypassed, but this can become a nightmare on a are potentially feedback mechanisms from stage-to-stage in any 


production line. With so little IF gain available, in order to receive amplifier. Second, output pins and external components create fields 
signals of less than 10pV it was necessary to add RF gain and this, which radiate back to inputs. Third, layout capacitances become 


in turn, meant that the mixer must have good large signal handling feedback mechanisms. Figure 4 shows the fields and capacitances 
capabiiity. The RF gain added expense, the high level mixer added symbolically. 


But why is instability such a problem in a high gain high IF strip? 
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Figure 6. NE604A Equivalent Circuit 
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Figure 7. Symbolic Circuit 
lf Z- represents the impedance associated witn the circuit feedback divider must have an attenuation factor greater than the gain of the 
mechanisms (stray capacitances, inductances and radiated fields), amplifier if the amplifier is to remain stable. 


and Z)y is the equivalent input impedance, a divider is created. This 
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e If gain is increased, the input-to-output isolation factor must be 
increased. 


e As the frequency of the signal or amplifier bandwidth increases, 
the impedance of the layout capacitance decreases thereby 
reducing the attenuation factor. 


The layout capacitance is only part of the issue. In order for 
traditional 10.7MHz IF amplifiers to operate with reasonable gain 
bandwidth, the amount of current in the amplifiers needed to be 
quite high. The CA3089 operates with 25mA of typical quiescent 
current. Any currents which are not perfectly differential must be 
carefully bypassed to ground. The higher the current, the more 
difficult the challenge. And limiter outputs and quadrature 
components make excellent field generators which add to the 
feedback scenario. The higher the current, the larger the field. 


SIGNETICS 
NE602/604 DEMO BOARD 














Figure 8. Circuit Board Layout 


THE SOLUTION 


The NE602 is a double balanced mixer suitable for input frequencies 
in excess of 500MHz. It draws 2.5mA of current. The NE604A is an 
IF strip with over 100dB of gain and a 25MHz small signal 
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bandwidth. It draws 3.5mA of current. The circuits in this paper will 
demonstrate ways to take advantage of this low current and 75dB or 
more of the NE604A gain in receivers and IF strips that would not be 
possible with traditional integrated circuits. No special tricks are 
used, only good layout, impedance planning and gain distribution. 


THE MIXER 

The NE602 is a low power VHF mixer with built-in oscillator. The 
equivalent circuit is shown in Figure 5. The basic attributes of this 
mixer include conversion gain to frequencies greater than 500MHz, 
a noise figure of 4.6dB @ 45MHz, and a built-in oscillator which can 
be used up to 200MHz. LO can be injected. 


For best performance with any mixer, the interface must be correct. 
The input impedance of the NE602 is high, typically 3kQ in parallel 
with 3pF. This is not an easy match from 50Q. In each of the 
examples which follow, an equivalent 50:1.5k match 


was used. This compromise of noise, loss, and match yielded good 
results. It can be improved upon. Match to crystal filters will require 
special attention, but will not be given focus in this paper. 


This oscillator is a single transistor with an internal emitter follower 
driving the mixer. For best mixer performance, the LO level needs to 
be approximately 220MVpys at the base of the oscillator transistor 
(Pin 6). A number of oscillator configurations are presented at the 
end of this paper. In each of the prototypes for this paper, the LO 
source was a signal generator. Thus, a 51Q resistor was used to 
terminate the signal generator. The LO is then coupled to the mixer 
through a DC blocking capacitor. The signal generator is set for 
OdBm. The impedance at the LO input (Pin 6) is approximately 
20kQ. Thus, required power is very low, but OdBm across 512 does 
provide the necessary 220MVprwys. 


The outputs of the NE602 are loaded with 1.5kQ internal resistors. 
This makes interface to 455kHz ceramic filters very easy. Other filter 
types will be addressed in the examples. 

THE IF STRIP 

The basic functions of the NE604A are ordinary at first glance: 
Limiting IF, quadrature detector, signal strength meter, and mute 
switch. However, the performance of each of these blocks 
is superb. The IF has 100dB of gain and 25MHz bandwidth. 
This feature will be exploited in the examples. The signal 
strength indicator has a 9CdB log output characteristic with 
very good linearity. There are two audio outputs with greater 
than 300kHz bandwidth (one can be muted greater than 
70dB). The total supply current is typically 3.5mA. This is the 
other factor which permits high gain and high IF. 


Figure 6 shows an equivalent circuit of the NE604A. Each of the IF 
amplifiers has a 1.6kQ input impedance. The input impedance is 
achieved by splitting a DC feedback bias resistor. The input 
impedance will be manipulated in each of the examples to aid 
stability. 


BASIC CONSIDERATIONS 

In each of the circuits presented, a common layout and system 
methodology is used. The basic circuit is shown symbolically in 
Figure 7. 


At the input, a frequency selective transformation from 50Q to 1.5kQ 
permits analysis of the circuit with an RF signal generator. A second 
generator provides LO. This generator second generator provides 
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LO. This generator is terminated with a 51Q resistor. The output of 
the mixer and the input of the first limiter are both high impedance 
(1.5Q nominal). As indicated previously, the input impedance of the 
limiter must be low enough to attenuate feedback signals. So, the 
input impedance of the first limiter is modified with an external 
resistor. In most of the examples, a 430Q external resistor was used 
to create a 330Q input impedance (430//1.5kQ). The first IF filter is 
thus designed to present 1.5kQ to the mixer and 330Q to the first 
limiter. 


AN1993 


The same basic treatment was used between the first and second 
limiters. However, in each of the 10.7MHz examples, this interstage 
filter is not an L/C tank; itis a ceramic filter. This will be explained in 
the first example. 


After the second limiter, a conventional! quadrature detector 
demodulates the FM or FSK information from the carrier and a 
simple low pass filter completes the demodulation process at the 
audio outputs. 
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Figure 9. NE602/604A Demonstration Circuit with RF Input of 45MHz and IF of 10.7MHz +7.5kHz 
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As mentioned, a single layout was used for each of the examples. the board; (2) careful attention was given to keeping a ground ring 
The board artwork is shown in Figure 8. Special attention was given around each of the gain stages. The objective was to provide a 
to: (1) Creating a maximum amount of ground plane with connection shunt path to ground for any stray signal which might feed back to 
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Figure 12. NE602/604A Demonstration Circuit with RF Input of 9OMHz and IF of 21.4MHz +7.5kHz 
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wide to minimize the potential for them to radiate or pick up stray 
signals; finally (and very important), (4) RF bypass was done as 
close as possible to supply pins and inputs, with a good (10uF) 
tantalum capacitor completing the system bypass. 


EXAMPLE: 45MHZ TO 10.7MHZ NARROWBAND 
As a first example, consider conversion from 45MHz to 10.7MHz. 
There are commercially available filters for both frequencies so this 
is a realistic combination for a second IF in a UHF receiver. This 
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circuit can also be applied to cordless telephone or short range 
communications at 46 or 49MHz. The circuit is shown in Figure 9. 


The 10.7MHz filter chosen is a type commonly available for 25kHz 
channel spacing. It has a 3dB bandwidth of 15kHz and a termination 
requirement of 3kQ/2pF. To present 3kQ to the input side of the filter, 
a 1.5kQ resistor was used.between the NE602 output (which has a 
1.5kQ impedance) and the filter. Layout capacitance was close 
enough to 2pF that no adjustment was necessary. This 
series-resistance approach introduces an insertion loss which 
degrades the sensitivity, but it has the benefit of simplicity. 
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The secondary side of the crystal filter is terminated with a 10.7MHz 
tuned tank. The capacitor of the tank is tapped to create a 
transformer with the ratio for 3k:330. With the addition of the 430Q 
resistor in parallel with the NE604A 1.6kQ internal input resistor, the 
correct component of resistive termination is presented to the crystal 
filter. The inductor of the tuned load is adjusted off resonance 
enough to provide the 2pF capacitance needed. (Actual means of 
adjustment was for best audio during alignment). 


lf appropriate or necessary for sensitivity, the same type of tuned 
termination used for the secondary side of the crystal filter can also 
be used between the NE602 and the filter. If this is desired, the 
capacitors should be ratioed for 1.5k:3k. Alignment is more complex 
with tuned termination on both sides of the filter. This approach is 
demonstrated in the fourth example. 


A ceraric filter is used between the first and second limiters. It is 
directly connected between the output of the first limiter and the 
input of the second limiter. Ceramic filters act much like ceramic 
capacitors, so direct connection between two circuit nodes with — 
different DC levels is acceptable. At the input to the second limiter, 
the impedance is again reduced by the addition of a 430Q external 
resistor in parallel with the internal 1.6kQ input load resistor. This 
presents the 330Q termination to the ceramic filter which the 
manufacturers recommend. 


On the input side of the ceramic filter, no attempt was made to 
create a match. The output irmpedance of the first limiter is nominally 
1kQ. Crystal filters are tremendously sensitive to correct match. 
Ceramic filters are relatively forgiving. A review of the 
manufacturers’ data shows that the attenuation factor in the 
passband is affected with improper match, but the degree of change 
is small and the passband stays centered. Since the principal 
selectivity for this application is from the crystal filter at the input of 
the first limiter, the interstage ceramic filter only has to suppress 
wideband noise. The first filter's passband is right in the center of 
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Figure 14. NE602/604A Demonstration Circuit with RF Input of ~100MHz and IF of 10.7MHz +140kHz 


the ceramic filter passband. (The crystal filter passband is less than 
10% of the ceramic filter passband). This passband relationship is 
illustrated in Figure 10. 


After the second limiter, demodulation is accomplished in the 
quadrature detector. Quadrature criteria is not the topic of this paper, 
but it is noteworthy that the choice of loaded Q will affect 
performance. The NE604A is specified at 455kHz using a 
quadrature capacitor of 10pF and a tuning capacitor of 180pF. 
(180pF gives a loaded Q of 20 at 455kHz). A careful look at the 
quadrature equations (Ref 3.) suggests that at 10.7MHz a value of 
about 1pF should be substituted for the 10pF at 455kHz. 


The performance of this circuit is presented in Figure 11. The -12dB 
SINAD (ratio of Signal to Noise And Distortion) was achieved with a 
0.6uV input. 


EXAMPLE: 90MHZ TO 21.4MHZ NARROWBAND 
This second example, like the first, used two frequencies which 
could represent the intermediate frequencies of a UHF receiver. This 
circuit can also be applied to VHF single conversion receivers if the 
sensitivity is appropriate. The circuit is shown in Figure 12. 


Most of the fundamentals are the same as explained in the first 
example. The 21.4MHz crystal filter has a 1.5kQ/2pF termination 
requirement so direct connection to the output of the NE602 is 
possible. With strays there is probably more than 2pF in this circuit, 
but the performance is good nonetheless. The output of the crystal 
filter is terminated with a tuned impedance-step-down transformer 
as in the previous example. Interstage filtering is accomplished with 
a 1kQ:330 step-down ratio. (Remember, the output of the first limiter 
is 1kQ and a 430 resistor has been added to make the second 
limiter input 330Q). A DC blocking capacitor is needed from the 
output of the first limiter. The board was not laid out for an interstage 
transformer, so an “XACTO” knife was used to make some minor 
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mods. Figure 13 shows the performance. The +12dB SINAD was 
with 1.6yV input. 


7ULV 7OLV 0.7mMV 


THD+NOISE 


RECOVERED AUDIO 


‘C’ MESSAGE WEIGHTED 


OdB REF 
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RF INPUT (dBm) (500) 
© 94.7MHz RF input e 10.7MHz IF 
¢ 84MHz LO e 280kHz IF BW 
(odBm) — e 75kHz deviation 


Figure 15. FM Broadcast Receiver (Wide Band) 
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Figure 16. NE602/604A Demonstration Circuit with RF Input of 152.2MHz and IF of 10.7MHz +7.5kHz 
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Figure 17. VHF Single Conversion (Narrow Band) 








EXAMPLE: 100MHZ TO 10.7MHZ WIDEBAND 

This example represents three possible applications: (1) low cost, 
sensitive FM broadcast receivers, (2) SCA (Subsidiary 
Communications Authorization) receivers and (3) data receivers. 
The circuit schematic is shown in Figure 14. While this example has 
the greatest diversity of application, it is also the simplest. Two 
10.7MHz ceramic filters were used. The first was directly connected 
to the output of the NE602. The second was directly connected to 
the output of the first IF limiter. The secondary sides of both filters 
were terminated with 330Q as in the two previous examples. While 
the filter bandpass skew of this simple single conversion receiver 
might not be tolerable in some applications, to a first order the 
results are excellent. (Please note that sensitivity is measured at 
+20dB in this wideband example.) Performance is illustrated in 
Figure 15. +20dB SINAD was measured with 1.8uV input. 


EXAMPLE: 152.2MHZ TO 10.7MHZ NARROWBAND 
In this example (see Figure 16) a simple, effective, and relatively 
sensitive single conversion VHF receiver has been implemented. All 
of the circuit philosophy has been described in previous examples. 
In this circuit, tuned-transformed termination was used on the input 
and output sides of the crystal filter. Performance is shown in Figure 
17. The +12dB SINAD sensitivity was 0.9LV. 


OSCILLATORS 

The NE602 contains an oscillator transistor which can be used to 
frequencies greater than 200MHz. Some of the possible 
configurations are shown in Figures 18 and 19. 


L/C 

When using a synthesizer, the LO must be externally buffered. 
Perhaps the simplest approach is an emitter follower with the base 
connected to Pin 7 of the NE602. The use of a dual-gate MOSFET 
will improve performance because it presents a fairly constant 
capacitance at its gate and because it has very high reverse 
isolation. 
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Figure 18. Oscillator Configurations 





CRYSTAL 

With both of the Colpitts crystal configurations, the load capacitance 
must be specified. In the overtone mode, this can become a 
sensitive issue since the capacitance from the emitter to ground is 
actually the equivalent capacitive reactance of the harmonic 
selection network. The Butler oscillator uses an overtone crystal 
specified for series mode operation (no parallel capacitance). It may 
require an extra inductor (L,) to null out Cy of the crystal, but 
otherwise is fairly easy to implement (see references). 


The oscillator transistor is biased with only 220uA. In order to assure 
oscillation in some configurations, it may be necessary to increase 
transconductance with an external resistor from the emitter to 
ground. 10kQ to 20kQ are acceptable values. Too small a resistance 
can upset DC bias (see references). 


DATA DEMODULATION 


It is possible to change any of the examples from an audio receiver 
to an amplitude shift keyed (ASK) or frequency shift keyed (FSK) 
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receiver or both with the addition of an external op amp(s) or 
comparator(s). A simple example is shown in Figure 20. ASK 
decoding is accomplished by applying a comparator across the 
received signal strength indicator (RSSI). The RSSI will track IF 
level down to below the limits of the demodulator (—120dBm RF 
input in most of the examples). When an in-band signal is above the 
comparator threshold, the output logic level will change. 


FSK demodulation takes advantage of the two audio outputs of the 
NE604A. Each is a PNP current source type output with 180° phase 
relationship. With no signal present, the quad tank tuned for the 
center of the IF passband, and both outputs loaded with the same 
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Figure 19. Typical Varactor Tuned Application 
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value of capacitance, if a signal is received which is frequency 
shifted from the 


IF passband, and both outputs loaded with the same value of 
capacitance, if a signal is received which is frequency shifted from 
the IF center, one output voltage will increase and the other will 
decrease by a corresponding absolute value. Thus, if a comparator 
is differentially connected across the two outputs, a frequency shift 
in one direction will drive the comparator output to one supply rail, 
and a frequency shift in the opposite direction will cause the 
comparator output to swing to the opposite rail. Using this technique, 
and L/C filtering for a wide IF bandwidth, NRZ data at rates greater 
than 4Mb have been processed with the new NE605. 
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Figure 20. Basic NE602/604A Data Receiver 
SUMMARY REFERENCES 
The NE602, NE604A and NE605 provide the RF system designer 1) Anderson, D.: “Low Power ICs for RF Data Communications’, 
with the opportunity for excellent receiver or IF system sensitivity Machine Design , pp 126-128, July 23, 1987. 
wi Very simple ey ne a sOONne eee aig aI poner: 2) Krauss, Raab, Bastian: Solid State Radio Engineering , p. 311, 
with 75 to 90dB gain are possible without special shielding. The Wiley, 1980 
flexible configuration of the built-in oscillator of the NE602/605 add j 
to ease of implementation. Either data or audio can be recovered 3) Matthys, R.: “Survey of VHF Crystal Oscillator Circuits,” RF 
from the NE604A/605 outputs. Technology Expo Proceedings, pp 371-382, February, 1987. 


4) Signetics: “NE/SA604A High Performance Low Power FM IF 
System”, Linear Data and Applications Manual, Signetics, 1987. 


5) Signetics; “NE/SA602 Double Balanced Mixer and Oscillator”, 
Linear Data and Applications Manual, Signetics, 1985. 


6) Signetics: “AN1982—Applying the Oscillator of the NE602 in Low 
Power Mixer Applications”, Linear Data and Applications Manual, 
Signetics, 1985. 
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DESCRIPTION 

The NE/SA605 is a high performance monolithic low-power FM IF 
system incorporating a mixer/oscillator, two limiting intermediate 
frequency amplifiers, quadrature detector, muting, logarithmic 
received signal strength indicator (RSSI), and voltage regulator. The 
NE/SA605 combines the functions of Signetics’ NE602 and 

NE604A, but features a higher mixer input intercept point, higher IF 
bandwidth (25MHz) and temperature compensated RSSI and 
limiters permitting higher performance application. The NE/SA605 is 
available in 20-lead dual-in-line plastic, 20-lead SOL 
(surface-mounted miniature package) and 20-lead SSOP (shrink 
small outline package). 


The NE/SA605 and NE/SA615 are functionally the same device 
types. The difference between the two devices lies in the 
guaranteed specifications. The NE/SA615 has a higher Icc, lower 
input third order intercept point, lower conversion mixer gain, lower 
limiter gain, lower AM rejection, lower SINAD, higher THD, and 
higher RSSI error than the NE/SA605. Both the NE/SA605 and 
NE/SA615 devices will meet the EIA specifications for AMPS and 
TACS cellular radio applications. 


For additional technical information please refer to application notes 
AN1994, 1995 and 1996, which include example application 
diagrams, a complete overview of the product, and artwork for 
reference. 


APPLICATIONS 
® Cellular radio FM IF 


® High performance communications receivers 
® Single conversion VHF/UHF receivers 

@ SCA receivers 

© RF level meter 

® Spectrum analyzer 

@ Instrumentation 

@ FSK and ASK data receivers 

® Log amps 


® Wideband low current amplification 


ORDERING INFORMATION 







DESCRIPTION 
20-Pin Plastic Dual In-Line Package (DIP) 
20-Pin Plastic Dual In-Line Package (DIP) 
20-Pin Plastic Small Outline Large (SOL) package 
20-Pin Plastic Small Outline Large (SOL) package 
20-Pin Plastic Shrink Small Outline Package (SSOP) 
20-Pin Plastic Shrink Small Outline Package (SSOP) 
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PIN CONFIGURATION 





N, D and DK Packages 






20 | MIXER OUT 
19 | IF AMP DECOUPLING 


118 | IF AMP IN 


XTAL Osc | 4 | IF AMP DECOUPLING 


16 | IF AMP OUT 


115 | GND 


LIMITER IN 


13 | LIMITER DECOUPLING 











MUTED AUDIO OUT| 8 | 
UNMUTED AUDIO OUT| 9 | 112] LIMITER DECOUPLING 


QUADRATURE IN |10 | 141] LIMITER OUT 











[too [ sos [888 


FEATURES 

® Low power consumption: 5.7mA typical at 6V 
@ Mixer input to >500MHz 

® Mixer conversion power gain of 13dB at 45MHz 
® Mixer noise figure of 4.6dB at 45MHz 


® XTAL oscillator effective to 150MHz (L.C. oscillator to 1GHz local 
oscillator can be injected) 


® 102dB of IF Amp/Limiter gain 
@ 25MHzZ limiter small signal bandwidth 


® Temperature compensated logarithmic Received Signal Strength 
Indicator (RSSI) with a dynamic range in excess of 90dB 


® Two audio outputs - muted and unmuted 


®@ Low external component count; suitable for crystal/ceramic/LC 
filters 


® Excellent sensitivity: 0.22uV into 50Q matching network for 12dB 
SINAD (Signal to Noise and Distortion ratio) for 1kKHz tone with RF 
at 45MHz and IF at 455kHz 


® SA605 meets cellular radio specifications 


® ESD hardened 
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BLOCK DIAGRAM 





OSCILLATOR 








ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER — —— 
Voc Single supply voltage 
Storage temperature range -65 to +150 penn 
i Operating ambient temperature range NE605 0 to +70 a 
SA605 -40 to +85 a ae 


| Thermal impedance D package 
BJA N package 
SSOP package 


DC ELECTRICAL CHARACTERISTICS 
Voc = +6V, Ta = 25°C; unless otherwise stated. 


LIMITS 
SYMBOL PARAMETER TESTCONDITIONS | —  NE6GO5 | ~~ SA6O5 —_—=s| UNITS | 
L MIN, | typ | max | MIN | TYP | MAX _ 


[Vee | Power supply volagerango | ———sSsS—~d as |r| eo | a5 fd OT 





ee ee ee ee 


a Ce 
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AC ELECTRICAL CHARACTERISTICS 

Ta = 25°C; Voc = +6V, unless otherwise stated. RF frequency = 45MHz + 14.5dBV RF input step-up; IF frequency = 455kHz; R17 = 5.1k; RF 
level = -45dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with C-message weighted filter and de-emphasis capacitor. 
Test circuit Figure 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical characterristics. 
The limits do not represent the ultimate performance iimits of the device. Use of an optimized RF layout will improve many of the listed 
parameters. 


_ —— << i LIMITS | 
SYMBOL | PARAMETER _TESTCONDITIONS | NE605 | = SAGO5=———s=*d ‘UNITS 
[win [typ [max [Min] Typ | MAX | 


ss section (ext LO = 300mV) 


ae ee ee ee 
Crystal oscillator frequency _ ) 
| | Noise figure at 45MHz 


Third-order ee intercept — 
ae 


Conversion power gain 













1 = 45.0; f2 = 45.06MHz 





Matched 14. | Matched 14.5dBV step-up | | Matched 14.5dBV step-up | up 






| RF input resistance | 





no} 
al 


RF input capacitance 


Mixer output resistance 


a i | 


+2) 











IF section 







Limiter gain / 50Q source 
Input limiting -8dB, Ry7 =5.1k | Test at Pin 18 


| «| AM rejection | 80% AM 1kHz 


Audio level, Ryo = 100k 


2. 
88) 
3 






15nF de-emphasis 





Unmuted audio level, Ry; = 
100k 








= 
< 


150pF de-emphasis 


RF level -118dB 
THD 
S/N 








No modulation for noise 
iF level = -118dBm 
IF level = -68dBm 


IF level = -18dBm 41 | 48 
RSSI range | Rg = - 100kQ Pin 16 bP 90 
RSS| accuracy | Ro = = 100kQ Pin 16 ies — 4 41.5 


Signal-to-noise ratio 
IF RSS! output, Ro = 100k2" 














x 


fe 
— 
uo 


iF output impedance 


Limiter input impedance 


x 















x 





Unmuted audio output resis- 
tance 


Muted audio output resis- 
tance 


RF/F section (int LO) 








x 


= 





4.5V = Vcc, RF level = 
-27dBm 


4.5V = Voc, RF level = 
| -270dBm 


Unmuted audio level mVpam | 








[system RSSI | output 


</2 


NOTE: 
1. The generator source impedance is 50Q, but the NE/SA605 input impedance at Pin 18 is 1500. As a result, IF level refers to the actual 
signal that enters the NE/SA605 input (Pin 8) which is about 21dB less than the ”available power’ at the generator. 
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CIRCUIT DESCRIPTION 

The NE/SA605 is an IF signal processing system suitable for 
second IF or single conversion systems with input frequency as high 
as 1GHz. The bandwidth of the IF amplifier is about 40MHz, with 
39.7dB(v) of gain from a 50Q source. The bandwidth of the limiter is 
about 28MHz with about 62.5dB(v) of gain from a 50Q source. 
However, the gain/bandwidth distribution is optimized for 455kHz, 
1.5kQ source applications. The overall system is well-suited to 
battery operation as well as high performance and high quality 
products of all types. 


The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 5dB, conversion gain of 
13dB, and input third-order intercept of -10dBm. The oscillator will 
operate in excess of-1 GHz in L/C tank configurations. Hartley or 
Colpitts circuits can be used up to 100MHz for xtal configurations. 
Butler oscillators are recommended for xtal configurations up to 
150MHz. 


The output of the mixer is internally loaded with a 1.5kQ resistor 
permitting direct connection to a 455kHz ceramic filter. The input 
resistance of the limiting IF amplifiers is also 1.5kQ. With most 
455kHz ceramic filters and many crystal filters, no impedance 
matching network is necessary. To achieve optimum linearity of the 
log signal strength indicator, there must be a 12dB(v) insertion loss 
between the first and second IF stages. If the IF filter or interstage 
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network does not cause 12dB(v) insertion loss, a fixed or variable 
resistor can be added between the first IF output (Pin 16) and the 
interstage network. 


The signal from the second limiting amplifier goes to a Gilbert ceil 
quadrature detector. One port of the Gilbert cell is internally driven 
by the IF. The other output of the IF is AC-coupled to a tuned 
quadrature network. This signal, which now has a 90° phase 
relationship to the internal signal, drives the other port of the 
multiplier cell. 


Overall, the IF section has a gain of 90dB. For operation at 
intermediate frequencies greater than 455kHz, special care must be 
given to layout, termination, and interstage loss to avoid instability. 


The demodulated output of the quadrature detector is available at 
two pins, one continuous and one with a mute switch. Signal 
attenuation with the mute activated is greater than 60dB. The mute 
input is very high impedance and is compatible with CMOS or TFL 
levels. 


A log signal strength completes the circuitry. The output range is 
greater than 90dB and is temperature compensated. This log signal 
strength indicator exceeds the criteria for AMPs or TACs cellular 
telephone. 


NOTE: dB(v) = 20log Vout/Vin 
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Automatic Test Circuit Component List 


47pF NPO Ceramic 

180pF NPO Ceramic 

100nF +10% Monoiithic Ceramic 
22pF NPO Ceramic 

1nF Ceramic 

10.0pF NPO Ceramic 

100nF +10% Monolithic Ceramic 
6.8.F Tantalum (minimum) * 
100nF +10% Monolithic Ceramic 
15nF +10% Ceramic 

150pF +2% N1500 Ceramic 
100nF +10% Monolithic Ceramic 
10pF NPO Ceramic 

100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 


* NOTE: This value can be reduced when a battery is the power source. 





C21 
C23 
25 
C26 
Fit 1 
Fit 2 
IFT 1 
L1 
L2 
X1 
RS 
R17 
R10 
R11 


100nF +10% Monolithic Ceramic 

100nF +10% Monolithic Ceramic 

100nF +10% Monolithic Ceramic 

390pF +10% Monolithic Ceramic 

Ceramic Filter Murata SFG455A3 or equiv 
Ceramic Filter Murata SFG455A3 or equiv 
455kHz 270.H TOKO #303LN-1129 

300nH TOKO #5CB-1055Z 

0.8:H TOKO 292CNS-—T1038Z 

44.545MHz Crystal ICM4712701 

100k +1% 1/4W Metai Film 

5.1k +5% 1/4W Carbon Composition 

100k +1% 1/4W Metal Film (optional) 

100k +1% 1/4W Metal Film (optional) 


Figure 1. NE/SA605 45MHz Tesi Circuit (Relays as shown) 
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Application Component List 


C1 47pF NPO Ceramic C21 100nF +10% Monolithic Ceramic 
C2 180pF NPO Ceramic C23 100nF +10% Monolithic Ceramic 
C5 100nF +10% Monolithic Ceramic C25 100nF +10% Monolithic Ceramic 
C6 22pF NPO Ceramic C26 390pF +10% Monolithic Ceramic 
C7 i1nF Ceramic Fit1 Ceramic Filter Murata SFG455A3 or equiv 
C8 10.0pF NPO Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv 
C9 100nF +10% Monolithic Ceramic IFT 1 4 =455kHz 270nH TOKO #303LN-1129 
C10 6.8.F Tantalum (minimum) L1 300nH TOKO #5CB-1055Z 
C11 100nF +10% Monolithic Ceramic L2 0.8:H TOKO 292CNS-T1038Z 
C12 15nF +10% Ceramic X1  44.545MHz Crystal 1CM4712701 
C13 150pF 42% N1500 Ceramic RQ 100k +1% 1/4W Metal Film 
C14 100nF +10% Monolithic Ceramic R17 5.1k 45% 1/4W Carbon Composition 
C15 10pF NPO Ceramic R10 100k +1% 1/4W Metal Film (optional) 
C17 100nF +10% Monolithic Ceramic R11 = 100k +1% 1/4W Metal Film (optional) 


C18 100nF +10% Monolithic Ceramic 


* NOTE: This value can be reduced when a battery is the power source. 





Figure 2. NE/SA605 45MHz Application Circuit 





November 3, 1992 467 


Philips Semiconducte s RF Communications Products Product specification 


High performance low power mixer FM IF system 7 NE/SA605 

















RF GENERATOR NE605 DEMO BOARD 


45MHz 
| 
| 
DC VOLTMETER 


Figure 3. NE/SA605 Application Circuit Test Set Up 
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HP339A DISTORTION 
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NOTES: 

1. C-message: The C-message filter has a peak gain of 100 for accurate measurements. Without the gain, the measurements may be af- 
fected by the noise of the scope and HP339 analyzer. 

2. Ceramic filters: The ceramic filters can be 30kKHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or 
16kHz CFU455Ds, also made by Murata (they come in black). All of our specifications and testing are done with the more wideband filter. 

3. RF generator: Set your RF generator at 45.000MHz, use a 1kKHz modulation frequency and a 6kHz deviation if you use 16kHz filters, or 

8kHz if you use 30kHz filters. ; 

Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.22uV or -120dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

RSSI: The smallest RSSI voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 

design. If the lowest RSSI voltage is 250mV or higher, it means the receiver is in regenerative mode. In that case, the receiver sensitivity 

will be worse than expected. 

7. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10-15yF or higher value tantalum 
capacitor on the supply line is essential. A low frequency ESR screening test on this capacitor will ensure consistent good sensitivity in pro- 
duction. A 0.1uF bypass capacitor on the supply pin, and grounded near the 44.545MHz oscillator improves sensitivity by 2-3dB. 

8. R5 can be used to bias the oscillator transistor at a higher current for operation above 45MHz. Recommended value is 22kQ, but should not 
be below 10kQ. 


Ors 
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Figure 4. NE605 Application Board at 25°C 
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DESCRIPTION 

The NE/SA615 is a high performance monolithic low-power FM IF 
system incorporating a mixer/oscillator, two limiting intermediate 
frequency amplifiers, quadrature detector, muting, logarithmic 
received signal strength indicator (RSS1), and voltage regulator. The 
NE/SA615 combines the functions of Signetics’ NE602 and 

NE604A, but features a higher mixer input intercept point, higher IF 
bandwidth (25MHz) and temperature compensated RSSI and 
limiters permitting higher performance application. The NE/SA615 is 
available in 20-lead dual-in-line plastic, 20-lead SOL 
(surface-mounted miniature package) and 20-lead SSOP (shrink 
small outline package). 


The NE/SA605 and NE/SA615 are functionally the same device 
types. The difference between the two devices lies in the 
guaranteed specifications. The NE/SA615 has a higher Icc, lower 
input third order intercept point, lower conversion mixer gain, lower 
limiter gain, lower AM rejection, lower SINAD, higher THD, and 
higher RSSI error than the NE/SA615. Both the NE/SA605 and 
NE/SA615 devices will meet the EIA specifications for AMPS and 
TACS cellular radio applications. 


For additional technical information please refer to application notes 
AN1994, 1995 and 1996, which include example application 
diagrams, a complete overview of the product, and artwork for 
reference. 


FEATURES 

® Low power consumption: 5.7mA typical at 6V 
®@ Mixer input to >500MHz 

® Mixer conversion power gain of 13dB at 45MHz 
® Mixer noise figure of 4.6dB at 45MHz 


® XTAL oscillator effective to 150MHz (L.C. oscillator to 1GHz local 
oscillator can be injected) . 


© 102dB of IF Amp/Limiter gain 
@ 25MHz limiter small signal bandwidth 


® Temperature compensated logarithmic Received Signal Strength 
Indicator (RSS!) with a dynamic range in excess of 90dB 


®@ Two audio outputs — muted and unmuted 


@ Low external component count; suitable for crystal/ceramic/LC 
filters 


ORDERING INFORMATION 









DESCRIPTION 
20-Pin Plastic Dual In-Line Package (DIP) 
20-Pin Plastic Dual In-Line Package (DIP) 
20-Pin Plastic Small Outline Large (SOL) package 
20-Pin Plastic Small Outline Large (SOL) package 
20-Pin Plastic Shrink Small Outline Package (SSOP) 
20-Pin Plastic Shrink Small Outline Package (SSOP) 





November 3, 1992 


[TEWPERATURE RANGE [ORDER CODE [Dwar 
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PIN CONFIGURATION 





N, D and DK Packages 









20 | MIXER OUT 
19 | IF AMP DECOUPLING 


18 | IF AMP IN 


XTAL OSC IF AMP DECOUPLING 


MUTE|N 


14 LIMITER IN 


16 |1F AMP OUT 


RSSIQUT 


MUTED AUDIO OUT 113 | LIMITER DECOUPLING 


UNMUTED AUDIO OUT 112 | LIMITER DECOUPLING 





QUADRATURE IN 141 | LIMITER OUT 


NOTE: 
See back page for package dimensions 











® Excellent sensitivity: 0.22uV into 50Q matching network for 12dB 


SINAD (Signal to Noise and Distortion ratio) for 1kHz tone with RF 
at 45MHz and IF at 455kHz 


© SA615 meets cellular radio specifications 


® ESD hardened 


APPLICATIONS 
© Cellular radio FM IF 


® High performance communications receivers 
® Single conversion VHF/UHF receivers 

@ SCA receivers 

@ FF level meter 

® Spectrum analyzer 

® Instrumentation 

® FSK and ASK data receivers 

® Log amps 


® Wideband low current amplification 
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ABSOLUTE MAXIMUM RATINGS 


Tstaq Storage temperature range | 
iv Operating ambient temperature range NE615 























Thermal impedance D package 
N package °C/W 
SSOP package 


SA615 —40 to +85 
90 





DC ELECTRICAL CHARACTERISTICS 
Voc = +6V, Ta = 25°C; unless otherwise stated. 


SYMBOL PARAMETER 






Mute switch input threshold (ON) Ie 
(OFF) 
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AC ELECTRICAL CHARACTERISTICS 

Ta = 25°C; Voc = +6V, unless otherwise stated. RF frequency = 45MHz + 14.5dBV RF input step-up; IF frequency = 455kHz; R17 = 5.1k; RF 
level = —-45dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with C-message weighted filter and de-emphasis capacitor. 
Test circuit Figure 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical characterristics. 
The limits do not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of the listed 


parameters. . 
LIMITS 


SYMBOL PARAMETER NE/SA615 UNITS 


| MIN | TYP | MAX | 
Mixer/Osc section (ext LO = 300mV) . 


in 
Bec [50 [| Re 
fi = 45.00; 2 = 45.06ME 


| 
ay 
zi 
Hi 
Conversion power gain Matched 14.5dBV step-up ; 8.0 | 
3.0 
— 
| 1.25 | 
a 
ee 















TEST CONDITIONS 













|S 
hm 





Q 


4 
ee) 
Q 
oe a?) 


rae 
re) 


RF input resistance Single-ended input 
RF input capacitance 
Mixer output resistance (Pin 20) 1 
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80% AM TK? 


62.5 


-109 


i 
© 


150 260 


a 
[2] 
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RF level “11808 
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IF RSSI output, Rg = 100k ‘IFlevel=-118dBm = a iT ss 800 
25_|_33 
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Rg = T00KO Pin 16 


Muted audio output resistance 
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| Unmuted audio level 4.5V = Vcc, RF level = -27dBm a Cee 
|__| System RSSI output 4.5V = Vcc, RF level = -27dBm a ae: ee aes 





NOTE: 
1. The generator source impedance is 50Q, but the NE/SA605 input impedance at Pin 18 is 1500Q. As a result, IF level refers to the actual 
signal that enters the NE/SA605 input (Pin 8) which is about 21dB less than the ”available power’ at the generator. 


CIRCUIT DESCRIPTION However, the gain/bandwidth distribution is optimized for 455kHz, 
The NE/SA615 is an IF signal processing system suitable for 1.5kQ source applications. The overall system is well-suited to 
second IF or single conversion systems with input frequency as high battery operation as well as high performance and high quality 
as 1GHz. The bandwidth of the IF amplifier is about 40MHz, with products of all types. 


39.7dB(v) of gain from a 50Q source. The bandwidth of the limiter is 
about 28MHz with about 62.5dB(v) of gain from a 50Q source. 
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The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 5dB, conversion gain of 
13dB, and input third-order intercept of -10dBm. The oscillator will 
operate in excess of 1GHz in L/C tank configurations. Hartley or 
Colpitts circuits can be used up to 100MHz for xtal configurations. 
Butler oscillators are recommended for xtal configurations up to 
150MHz. 


The output of the mixer is internally loaded with a 1.5kQ resistor 
permitting direct connection to a 455kHz ceramic filter. The input 
resistance of the limiting IF amplifiers is also 1.5kQ. With most 
455kHz ceramic filters and many crystal filters, no impedance 
matching network is necessary. To achieve optimum linearity of the 
log signal strength indicator, there must be a 12dB(v) insertion loss 
between the first and second IF stages. If the IF filter or interstage 
network does not cause 12dB(v) insertion loss, a fixed or variable 
resistor can be added between the first IF output (Pin 16) and the 
interstage network. 


The signal from the second limiting amplifier goes to a Gilbert cell 
quadrature detector. One port of the Gilbert cell is internally driven 
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by the IF. The other output of the IF is AC-coupled to a tuned 
quadrature network. This signal, which now has a 90° phase 
relationship to the internal signal, drives the other port of the 
multiplier cell. 


Overall, the IF section has a gain of 90dB. For operation at 
intermediate frequencies greater than 455kHz, special care must be 
given to layout, termination, and interstage loss to avoid instability. 


The demodulated output of the quadrature detector is available at 
two pins, one continuous and one with a mute switch. Signal 
attenuation with the mute activated is greater than 60dB. The mute 
input is very high impedance and is compatible with CMOS or TTL 
levels. 


A log signal strength completes the circuitry. The output range is 
greater than 90dB and is temperature compensated. This log signal 
strength indicator exceeds the criteria for AMPs or TACs cellular 
telephone. 


NOTE: dB(v) = 20log Vout/VIN 
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IFT4 
AUDIO 
MEASUREMENT 
RS CIRCUIT 
39.2 | 
@ ° a ° 
= MUTE voc _RSSI_ AUDIO UNMUTED = = 
MINI-CIRCUIT ZSC2-1B OUTPUT AUDI 
Automatic Test Circuit Component List 

Ci 47pF NPO Ceramic C21 100nF +10% Monolithic Ceramic 

C2 180pF NPO Ceramic C23. 100nF +10% Monolithic Ceramic 

C5 100nF +10% Monolithic Ceramic C25 100nF +10% Monolithic Ceramic 

C6 22pF NPO Ceramic C26 390pF +10% Monolithic Ceramic 

C7 1nF Ceramic Fit1 Ceramic Filter Murata SFG455A3 or equiv 

C8 10.0pF NPO Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv 

C9 100nF +10% Monolithic Ceramic IFT 1 455kHz 270uH TOKO #303LN-1129 
C10 6.8,F Tantalum (minimum) * L1 = 300nH TOKO #5CB-1055Z 
C11 100nF +10% Monolithic Ceramic | L2  0.8,H TOKO 292CNS—T1038Z 
C12 15nF +10% Ceramic X11 44.545MHz Crystal 1OM4712701 
C13 150pF +2% N1500 Ceramic RQ9 =100k +1% 1/4W Metal Film = 
C14 100nF +10% Monolithic Ceramic R17 5.1k +5% 1/4W Carbon Composition 
C15 10pF NPO Ceramic R10 100k +1% 1/4W Metal Film (optional) 
C17 100nF +10% Monolithic Ceramic R11 =100k +1% 1/4W Metal Film (optional) 


C18 100nF +10% Monolithic Ceramic 


*NOTE: This value can be reduced when a battery is the power source. 





Figure 1. NE/SA615 45MHz Test Circuit (Relays as shown) 
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Vee RSSI AUDIO UNMUTED — = 
OUTPUT AUDIO 


NE/SA615N 
Application Component List 


C1 47pF NPO Ceramic C21 = 100nF +10% Monolithic Ceramic 
C2 180pF NPO Ceramic C23. 100nF +10% Monolithic Ceramic 
C5 100nF +10% Monolithic Ceramic C25 100nF +10% Monolithic Ceramic 
C6 22pF NPO Ceramic C26 390pF +10% Monolithic Ceramic 
C7 1nF Ceramic Fit1 Ceramic Filter Murata SFG455A3 or equiv 
C8 10.0pF NPO Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv 


C9 100nF +10% Monolithic Ceramic IFT 1) =©455kHz 270H TOKO #303LN-1129 
C10 6.8,F Tantalum (minimum) * Li 300nH TOKO #5CB-1055Z 


C11 100nF +10% Monolithic Ceramic L2 0.8,H TOKO 292CNS-T1038Z 
C12 15nF 410% Ceramic X1  44.545MHz Crystal ICM4712701 


C13 150pF +2% N1500 Ceramic ial cele Ne bai cial 
C14 4100nF +10% Monolithic Ceramic R17 5.1k+5% 1/4W Carbon Composition 


C15 10pF NPO Ceramic R10 100k ek 1/4W Metal Bly (optional) 
C17 100nF +10% Monolithic Ceramic Rii 100k +1% 1/4W Metal Film (optional) 
C18 100nF +10% Monolithic Ceramic 





*NOTE: This value can be reduced when a battery is the power source. 


Figure 2. NE/SA615 45MHz Application Circuit 
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DC VOLTMETER 

















Figure 3. NE/SA615 Application Circuit Test Set Up 











NOTES: 


lg 


2. 


Gy Ol 


C-message: The C-message filter has a peak gain of 100 for accurate measurements. Without the gain, the measurements may be 
affected by the noise of the scope and HP339 analyzer. 

Ceramic filters: The ceramic filters can be 30kKHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or 
16kHz CFU455Ds, also made by Murata (they come in black). All of our specifications and testing are done with the more wideband filter. 
RF generator: Set your RF generator at 45.000MHz, use a 1kKHz modulation frequency and a 6kHz deviation if you use 16kHz filters, or 
8kHz if you use 30kHz filters. 

Sensitivity: The measured typical sensitivity for 12dB SINAD shouid be 0.22uV or -120dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recornmend our demo board layout. 

RSSI: The smailest RSS! voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 
design. If the lowest RSSI voitage is 250mV or higher, it means the receiver is in regenerative mode. In that case, the receiver sensitivity 
will be worse than expected. 

Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10—15uF or higher value tantalum 
capacitor on the supply line is essential. A low frequency ESR screening test on this capacitor will ensure consistent good sensitivity in 
production. A 0.1uF bypass capacitor on the supply pin, and grounded near the 44.545MHz oscillator improves sensitivity by 2-3dB. 

R5 can be used to bias the oscillator transistor at a higher current for operation above 45MHz. Recommended value is 22kQ, but should not 
be below 10kQ. 
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Figure 4. NE615 Application Board at 25°C 
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Author: Alvin K. Wong 
INTRODUCTION 


This application note addresses key information that is needed when 
designing with the NE605. Since the NE602 and the NE604 are 
closely related to the NE605, a brief overview of these chips will be 
helpful. Additionally, this application note will divide the NE605 into 
four main blocks where a brief theory of operation, important 
parameters, specifications, tables and graphs of performance will be 
given. A question & answer section is includecsat the end. Below is 
an outline of this application note: 


l. BACKGROUND 
— History of the NE605 
~ Related app. “notes 


ll. OVERVIEW OF THE NE605 
— Mixer Section 
RF section 
Local osc. section 
Output of mixer 
Choosing the IF frequency 
Performance graphs of mixer 
— IF Section 
IF amplifier 
IF limiter 
Function of iF section 
Important parameters of IF section 
14. Limiting 
15. AM rejection 
16. AM to PM conversion 
17. Interstage loss 
IF noise figure 
Performance graphs of IF section 
— Demodulator Section 
— Output Section 
Audio and unmuted audio 
RSSI output 
Performance graphs of output section 


lil.Question & Answers 


I. BACKGROUND 


History of the NE605 

Before the NE605 was made, the NE602 (double-balanced mixer 
and oscillator) and the NE604 (FM IF system) existed. The 
combination of these two chips make up a high performance low 
cost receiver. Soon after the NE605 was created to be a one chip 
solution, using a newer manufacturing process and design. Since 
the newer process and design in the NE605 proved to be better in 
performance and reliability, it was decided to make the NE602 and 
the NE604 under this new process. The NE602A and the NE604A 
were created. To assist the cost-conscious customer, Signetics also 
offered an inexpensive line of the same RF products: the NE612, 
NE614, and NE615. 


Because the newer process and design proved to be better in 
performance and reliability, the older chips are going to be 
discontinued. Therefore, only the NE602A, NE612A, NE604A, 
NE614A, NE605 and NE615 will be available. 


Figure 1 shows a brief summary of the RF chips mentioned avove. 
Under the newer process, minor changes were made to improve the 
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performance. A designer, converting from the NE602 to the 
NE602A, should have no problem with a direct switch. However, 
switching from the NE604 to the NE604A, might require more 
attention. This will depend on how good the original design was in 
the system. In the “Questions & Ariswers” section, the NE604 and 
NE604A are discussed in greater detail. This will help the designer, 
who used the NE604 in their original design, to switch to the “A” 
version. In general, a direct switch to the NE604A Is simple. 


Related Application Notes 

There have been many application notes written on the NE602 and 
NE604A. Since the combination of those parts is very similar to the 
NE605, many of the ideas and appiications still apply. in addition, 
many of the topics discussed here will also apply to the NE602A and 
NE604A. 


Table 1 (see back of app note) shows the application notes available 
to the designer. They can be found in either the Signetics Linear 
Data Manual, Volume 1, oy the Signetics RF Communications 
Handbook. Your local PhilipsComponents-Signetics sales 
representative can provide you with copies of these publications, or 
you can contact Signetics Publication Services. 





NE/SA60XX_ FAMILY GENEALOGY 









"SINGLE CHIP RECEIVER 
605 
615 


NEW MIXER 
602A 
612A 








Figure 1. Overview of Selected RF Chips 








ll. OVERVIEW OF THE NE605 


In Figure 2, the NE605 is broken up into four main areas; the mixer 
section, the IF section, the demodulator section and the output 
section. The information contained in each of the four areas focuses 
on important data to assist you with the use of the NE605 in any 
receiver application. 


Mixer Section 

There are three areas of interest that should be addressed when 
working with the mixer section. The RF signal, LO signal and the 
output. The function of the mixer is to give the sum/difference of the 
RF and LO frequencies to get an IF frequency out. This mixing of 
frequencies is done by a Gilbert Cell four quadrant multiplier. The 
Gilbert Cell is a differential amplifier (Pins 1 and 2) which drives a 
balanced switching cell. 


The RF input impedance of the mixer plays a vital role in 
determining the values of tne matching network. Figure 3 shows the 
RF input impedance over a range of frequency. From this 
information, it can be determined that matching 50Q at 45MHz 
requires matching to a 4.5kQ resistor in parallel with a 2.5pF 
capacitor. An equivalent model can be seen in Figure 4 with its 
component values given for selected frequencies. Since there are 
many questions from the designer on how to match the RF input, an 
example is given below. 
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Figure 2. NE605 Broken Down into Four Areas 





RF Section of Mixer 

The mixer has two RF input pins (Pin 1 and 2), allowing the user to 
choose between a balanced or unbalanced RF matching network. 
Table 2 (see back of app note) shows the advantages and 
disadvantages for either type of matching. Obviously, the better the 
matching network, the better the sensitivity of the receiver. 





MARKER 1: 
F = 1.5GHz 
210 Il 10.6nH 








MARKER 2: 
F = 900MHz 
1202 II 3.25pF 


MARKER 3: 
F = 500MHz 
588Q || 2.75pF 


MARKER 4: 
F = 250MHz 
1785Q Il 2.5pF 


Figure 3. Smith Chart of NE605’s RF Input Impedance 
(Pin 1 or 2) 
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e INDUCTOR L4 CAN BE NEGLECTED UNTIL 


THE FREQUENCY APPROACHES 1GHz 
(NEGLECT ‘C’) 


¢ MODEL L 











eTWO ELEMENT MODEL 


' 2 


FREQ RUC 
10MHz 5kQ Il 2.5pF 
50MHz 46510 I! 2.5pF 
400MHz 31000 II 2.5pF 
250MHz 1785kQ || 2.5pF 
500MHz 588Q Il 2.75pF 
750MHz 1751Q Il 3.12pF 
900MHz 120Q Il 3.2pF 
1.1GHz 480 Il 3.4pF 








Figure 4. Equivalent Model of RF Input Impedance 











Example: Using a tapped-C network, match a 50Q source to the RF 
input of the NE605 at 45MHz. (refer to Figure 5) 

















RF INPUT MODEL @ 45MHz 








Figure 5. Tapped-C Network 





Step 1. Choose an inductor value and its “Q” L = 0.22uH Qp = 50 
(specified by manufacturer) 


Step 2. Find the reactance of the inductor 


Xp = 2nFL 
= 27 (45MHz) (0.22uH) 
Xp= 62.2Q 
Step 3. Then, 
Fp =QpXp 
=(50)(62.2) 


“. Rp =3.11kQ (the inductance resistance) 
Step 4. Q =Rrotat/Xp 
= (Rg // R, // Rp) / Xp 
where Rg = R, 
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= 4.5k // 4.5k // 3.11k/ 62.2 
= 21.39 
* Q =21 (the Q of the matching network) 


where: 

Rs = source resistance; 

R,. = load resistance; 

Rg = what the source resistance should Iook like to match 





Ae 
Rp = inductance resistance 
Step 5. R.’ 
i Ce ae ee 
C2 Ae 
Step 6. ae a 1 
TO Xp w (62.2) 2% 45MHz 
= 56.86pF 
Step 7. 
. C1C2 
UsINg CT Gre C2 
= Cli 
where Cry = 56.86pF, Go = 8.6 
C1 
C, — 
C1 
er! 
: C1, 
mea) 
andC, = 86 
thus... 
C1 = 539pF 
C2 = 64pF 


L = 0.22uH (value started its 
Step 8. Frequency check~ 


Qo >= 


Br 
O 


{ 
eanxF = —— 
iG 


F = 45MHz (...so far so good) 


Step 9. Taking care of the 2.5pF capacitor that is present at the RF 
input at 45MHz C2, _ _64pF Eq 1 

Ci,  540pF ae 

C1,C2, 


epee octet ae Eq? 
TN Ol C2. i 


where Crn = Cr — 2.5pF 

(recall value of Cy from Step 6.) 
Making use of Equations 1 and 2, the new values of C1 and C2 are: 
Cia = 524pF 
C2, = 60.6pF 
[NOTE: At this frequency the 2.5pF capacitor could probably be 
ignored since its value at 45MHz has little effect on C1 and C2.] 
Step 10. Checking the bandwidth 


Slee 
BW 


BW = bandwidth 
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Fy = upper 3dB frequency 
F._ = lower 3dB frequency 


Using the above formulas results in 


Ay = 46MHz 
Fy = 44MHz 
BW = 2MHz 


The above shows the calculations for a single-ended match to the 
NE605. For a balanced matching network, a transformer can be 
used. The same type of calculations will still apply once the input 
impedance of the NE605 is converted to the primary side of the 
transformer (see Figure 6). But before we transform the input 
impedance to the primary side, we must first find the new input 
impedance of the.NE605 for a balanced configuration. Because we 
have a balanced input, the 4.5kQ transforms to 9kQ (4.5k + 4.5k = 
9k) while the capacitor changes from 2.5pF to 1.3pF (2.5pF in series 
with 2.5pF is 1.3pF). Notice that the resistor values double while the 
capacitor values are halved. Now the 9kQ resistor in parallel with 
the 1.3pF capacitor must be transformed to the primary side of the 
transformer (see Figure 6). 


<—_- 


Np:Ns 





















Zs 


RF INPUT MODEL @ 45MHz 


Figure 6. Using a Transformer to Achieve a Balanced Match 








Procedure: 
Step 1.7, _ (Ne) 
where: 


Zp = impedance of primary side 
Zs = impedance of secondary side 
Np = number of turns on primary side 
Ns = number of turns on secondary side 
Step 2. Recall, 

Zs=RIIXc 

Zs = 9k II j2.7k 

where 


R=9k x, = 5h = 2.7K at F = 45MHz 
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Step 3. Assume 1:N turns ratio for the transformer 


Ze . 
Zp = xp = 2.25k || | 680 


(assuming N = 2) 


ah ee { — 5 OF 
~ Bn FX, OP 
R = 2.25k 
(these are the new values to match using the formulas in 
tapped-C) 


Step 5. Because the transformer has a magnetization inductance 
Ly, (inductance presented by the transformer), we can elim- 
inate the inductor used in the previous example and tune 
the tapped-C network with the inductance presented by the 
transformer. 

Lets assume Ly = 0.22WH (Q=50) Therefore 
C1 = 381pF 

C2 = 66.8pF 

Fy = 46.7MHz 

FL = 43.3MHz 

BW = 3.4MHz 

taking the input capacitor into consideration 
C1 = 347pF 

C2 = 61pF 

L = 0.22uH (Q=50) 


Because of leakage inductance, the transformer is far from ideal. All 
of these leakages affect the secondary voltage under load which will 
seem like the indicated turns ratio is wrong. The above calculations 
show one method of impedance matching. The values calculated for 
C1 and C2 do not take into account board parasitic capacitance, 
and are, therefore, only theoretical values. There are many ways to 
configure and calculate matching networks. One alternative is a 
tapped-L configuration. But the ratio of the tapped-C network is 
easier to implement thah ordering a special inductor. The 
calculations of these networks can be done on the Smith Chart. 
Furthermore, there are many computer programs available which 
will help match the circuit for the designer. 


Local Oscillator Section of Mixer 

The NE605 provides an NPN transistor for the local oscillator where 
only external components like capacitors, inductors, or resistors 
need to be added to achieve the LO frequency. The oscillator’s 
transistor base and emitter (Pins 4 and 3 respectively) are available 
to be configured in Colpitts, Butler or varactor controlled LC forms. 
Referring to Figure 7, the collector is internally connected directly to 
Voc, while the emitter is connected through a 25kQ resistor to 
ground. Base bias is also internally supplied through an 18kQ 
resistor. A buffer/divider reduces the oscillator level by a factor of 
three before it is applied across the upper tree of the Gilbert Cell. 
The divider de-sensitizes the mixer to oscillator level variations with 
temperature and voltage. A typical value for the LO input 
impedance is approximately 10kQ. 


The highest LO frequency that can be achieved is approximately 
300MHz with a 200MVpms signal on the base (Pin 4). Although it is 
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possible to exceed the 300MHz LO frequency for the on-board 
oscillator, it is not really practical because the signal level drops too 
low for the Gilbert Cell. If an application requires a higher LO 
frequency, an external oscillator can be used with its 200mMV_ays 
signal injected at Pin 4 through a DC blocking capacitor. Table 3 
(see back of app note) can be used as a guideline to determine 
which configuration is best for the required LO frequency. 





Figure 7. On-board NPN Transistor for Local Oscillator 








Because the Colpitts configuration is for parallel resonance mode, it 
is important to know, when ordering crystals, that the load 
capacitance of the NE605 is 10pF. However, for the Butler 
configuration, the load capacitance is unimportant since the crystal 
will be in the series mode. Figure 8 shows the different types of LO 
configurations used with NE605. 


If a person decides to use the Colpitts configuration in their design, 
they will probably find that most crystal manufacturers have their 
own set of standards of load capacitance. And in most cases, they 
are unwilling to build a special test jig for an individual’s needs. If 
this occurs, the designer should tell them to go ahead with the 
design. But, the designer should also be ready to accept the 
crystal’s frequency to be off by 200-300Hz from the specified 
frequency. Then a test jig provided by the designer and a 2nd 
iteration will solve the problem. 


Output of Mixer 

Once the RF and LO inputs have been properly connected, the 
output of the mixer supplies the IF frequency. Knowing that the 
mixer’s output has an impedance of 1.5kQ, matching to an IF filter 
should be trivial. 


Choosing the Appropriate IF Frequency 

Some of the standard IF frequencies used in industry are 455kHz, 
10.7MHz and 21.4MHz. Selection of other IF frequencies is 
possible. However, this approach could be expensive because the 
filter manufacturer will probably have to build the odd IF filter from 
scratch. 


There are several advantages and disadvantages in choosing a low 
or high IF frequency. Choosing a low IF frequency like 455kHz can 
provide good stability, high sensitivity and gain. Unfortunately, it can 
also present a problem with the image frequency (assuming single 
conversion). To improve the image rejection problem, a higher IF « 
frequency can be used. However, sensitivity is decreased and the 
gain of the IF section must be reduced to prevent oscillations. 


lf the design requires a low IF frequency and good image rejection, it 
is best to use the double conversion method. This method allows 
the best of both worlds. Additionally, it is much easier to work with a 
lower IF frequency because the layout will not be as critical and will 
be more forgiving in production. The only drawback to this method 
is that it will require another mixer and LO. But, a transistor can be 
used for the first mixer stage (which is an inexpensive approach) 
and the NE605 can be used for the second mixer stage. The 
NE602A can also be used for the first conversion stage if the 
transistor approach does not meet the design requirements. 


If the design requires a high IF frequency, good layout and RF 
techniques must be exercised. If the layout is sound and instability 
still occurs, refer to the “RSSI output” section which suggests 
solutions to these types of problems. 











XTAL 





Ua 





FUNDAMENTAL COLPITTS CRYSTAL 





HARTLEY L/C TANK 
*DC BLOCKING CAPACITORS 





December 1991 





OVERTONE COLPITTS CRYSTAL 





COLPITTS L/C TANK 


Figure 8. Oscillator Configurations 
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modulation. For example, a narrowband FM signal (SOKHz IF 
bandwidth) can be done with an IF of 455kHz. But for a wideband 
FM signal (200kHz IF bandwidth), a higher IF is required, such as 
10.7MHz or 21.4MHz. 


Oscillator Levels vs. Temperature with Different Supply 
Voltages for the 44.545MHz Crystal Colpitts Applications 


LO Efficiency vs. Normalized Peak Level at the Base of the 
Fae 









IF Section 

The IF section consists of an IF amplifier and IF limiter. With the 
amplifier and limiter working together, 100dB of gain with a 25MHz 
bandwidth can be achieved (see Figure 18). The linearity of the 
RSSI output is directly affected by the IF section and will be 
discussed in more detail later in this application note. 


scillator Transistor 
44 50Q Conversion Gain vs. Temperature with Different 
Supply Voltages Using an External LO 


42 Mixer Matched Input Conversion Gain vs. Temperature 
with Different Supply Voltages 


IF Output Power vs. RF Input Level (3rd-order Intercept IF Amplifier 


The IF amplifier is made up of two differential amplifiers with 40dB of 
gain and a small signal bandwidth of 41MHz (when driven by a 50Q 
source). The output is a low impedance emitter follower with an 
output resistance of about 230Q, and an internal series build out of 
700Q to give a total of 930Q. One can expect a 6dB loss in each 


ow 


Point) 1st mixer = diode mxr, 2nd mixer = 605 mxr 


NE605 and Diode Mixer Test Set Up | 
NE605 LO Power Requirements vs. Diode Mixer 
NE605 Conversion Gain vs. Diode Mixer 
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amplifier’s input since both of the differential amplifiers are 
single-ended. 


RF = 45MHz 
IF = 455kHz 
RF2 = 45.06MHz 
LO = 44.545MHz 
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Figure 13. Third-Order Intercept and Compression 








The basic function of the IF amp is to boost the IF signal and to help 
handle impulse noise. The IF amp will not provide good limiting over 
a wide range of input signals, which is why the IF limiter is needed. 
IF Limiter 

The IF limiter is made up of three differential amplifiers with a gain of 
63dB and a small signal AC bandwidth of 28MHz. The outputs of 
the final differential stage are buffered to the internal quadrature 
detector. The IF limiter’s output resistance is about 260Q with no 
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Figure 14. Test Circuits for NE605 Mixer vs Diode Mixer 
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internal build-out. The limiter’s output signal (Pin 9 onNE604A, Pin 
11 on NE605) will vary from a good approximation of a square wave 
at lower IF frequencies like 455kHz, to a distorted sinusoid at higher 
IF frequencies, like 21.4MHz. 


The basic function of the IF limiter is to apply a tremendous amount 
of gain to the IF frequency such that the top and bottom of the 
waveform are clipped. This helps in reducing AM and noise 
presented upon reception. 


Function of IF Section 

The main function of the IF section is to clean up the IF frequency 
from noise and amplitude modulation (AM) that might occur upon 
reception of the RF signal. If the IF section has too much gain, then 
one could run into instability problems. This is where crucial layout 
and insertion loss can help (also addressed later in this paper). 


Important Parameters for the IF Section 

Limiting: The audio output level of an FM receiver normally does not 
change with the RF level due to the limiting action. But as the RF 
signal level continues to decrease, the limiter will eventually run out 
of gain and the audio level will finally start to drop. The point where 
the IF section runs out of gain and the audio level decreases by 3dB 
with the RF input is referred to as the —3dB limiting point. 


In the application test circuit, with a 5.1kQ interstage resistor, audio 
suppression is dominated by noise capture down to about the 
—120dBm RFF level at which point the phase detector efficiency 
begins to drop (see Interstage Loss section below). 
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Figure 16. NE605 Conversion Gain vs. Diode Mixer 











The audio drop that occurs is a function of two types of limiting. The 
first type is as follows: As the input signal drops below a level which 
is sufficient to keep the phase detector compressed, the efficiency of 
the detector drops, resulting in premature audio attenuation. We will 
call this “gain limiting”. The second type of limiting occurs when 
there is sufficient amount of gain without de-stabilizing regeneration 
(i.e. Keeping the phase detector fully limited), the audio level will 
eventually become suppressed as the noise captures the receiver. 
We will call this “limiting due to noise capture”. 


Figure 19 shows the 3qB drop in audio at about 0.26uVams, with a 
—118.7dBm/50Q RF level for the NE605. Note that the level has not 
improved by the 11dB gain supplied by the mixer/filter since noise 
capture is expected to slightly dominate here. 


AM rejection: The AM rejection provided by the NE605/604A is 
extremely good even for 80% modulation indices as depicted in 
Figures 20a through 20d. This performance results from the 370mV 
peak signal levels set at the input of each IF amplifier and limiter 
stage. For this level of compression at the inputs, even better 
performance could be expected except that finite AM to PM 
conversion coefficients limit ultimate performance for high level 
inputs as indicated in Figure 20b. 


Low level AM rejection performance degrades as each stage comes 
out of limiting. In particular as the quadrature phase detector input 
drops below 100mV peak, all limiting will be lost and AM modulation 
will be present at the input of the quad detector (See Figure 20d). 
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Figure 17. Comparing Different Types of Mixers 











AM to PM conversion: Although AM rejection should continue to 
improve above —95dBm IF inputs, higher order effects, lumped 
under the term AM to PM conversion, limit the application rejection 
to about 40cB. In fact this value is proportional to the maximum 
frequency deviation. That is lower deviations producing lower audio 
outputs result directly in lower AM rejection. This is consistent with 
the fact that the interfering audio signal produced by the AM/PM 
conversion process is independent of deviation within the IF 
bandwidth and depends to a first estimate on the level of AM 
modulation present. As an example reducing the maximum 
frequency deviation to 4KHz from 8kHz, will result in 34dB AM 
rejection. If the AM modulation is reduced from 80% to 40%, the AM 
rejection for higher level |Fs will go back to 40dB as expected. AM 
to PM conversion is also not a function of the quad tank Q, since an 
increase in Q increases both the audio and spurious AM to PM 
converted signal equally. 


As seen above, these relationships and the measured results on the 
application board (Figure 36) can be used to estimate high level IF 
AM rejection. For higher frequency IFs (such as 21.4MHz), the 
limiter’s output will start to deviate from a true square wave due to 
lack of bandwidth. This causes additional AM rejection degradation. 


Interstage Loss: Figure 21 plots the simulated IF RSSI magnitude 
response for various interstage attenuation. The optimum interstage 
loss is 12dB. This has been chosen to allow the use of various 
types of filters, without upsetting the RSSI’s linearity. In most cases, 
the filter insertion loss is less than 12dB from point A to point B. 
Therefore, some additional loss must be introduced externally. The 
easiest and simplest way is to use an external resistor in series with 
the internal build out resistor (Pin 14 in the NE604A, Pin 16 in the 
NE605). Unfortunately, this method mismatches the filter which 
might be important depending on the design. To achieve the 12dB 
insertion loss and good matching to the filter, an L-pad configuration 
can be used. Figure 22 shows the different set-ups. 


Below is an example on how to caiculate the resistors values for 
both Figures 22a and 22b. 


Step 1. 


(960 + Rext) Ret 


Xap = 2009960 + Rigg + Ant 


— FIL {dB} 


(just solve for Rext) 
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where 

X = the insertions loss wanted in dB 
Rext = the external resistor 

Re.t = the filter’s input impedance 
FIL = insertion loss of filter in dB 


2. For our application board 

X=12dB 

Rett = 1.5k 

FIL = 3dB 

Therefore, using the above eq. gives 
Rext = 5.1K 


“OR 


(=) 
oy A0\ = 
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IF SECTION 
@ Ay = 100[dB] 


@ BW = 25[MHz] 





IF AMP 
@ Ay = 40[dB] 


© BW = 41[MHz] © BW = 28[MHz] | 
Figure 18. IF Section of NE604A [NE605] 


Demodulator Section 

Once the signal leaves the IF limiter, it must be demodulated so that 
the baseband signal can be separated from the IF signal. This is 
accomplished by the quadrature detector. The detector is made up 
of a phase comparator (internal to the NE605) and a quadrature tank 
(external to theNE605). 


The phase comparator is a multiplier cell, similar to that of a mixer 
stage. Instead of mixing two different frequencies, it compares the 
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Step 2. Ret 


ax 
42x 10\ -° 
3. In this case, lets assume: FIL = —2dB therefore, Xgp = +10, Re_t 
= 1.5k. The results are: Rext = 1.41k, Rgyunt = 4.08k 


Reyunt = 





IF noise figure 

The IF noise figure of the receiver may be expected to provide at 
best a 7.7dB noise figure in a 1.5kQ environment from about 25kHz 
to 100MHz. From a 25Q source the noise figure can be expected to 
degrade to about 15.4db. 


Performance Graphs of IF Section 


Tris. | ____Deeavipon 
IF Amp Gain vs. Temperature with Various Supply Voltages 


IF Limiter Gain vs. Temperature with Various Supply 
25 | Voltages 


IF Amp 20MHz Response vs. Temperature 
IF Limiter 20MHz Response vs. Temperature 
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IF LIMITER 
@ Ay = 60[dB] 





phases of two signals of the same frequency. Because the phase 
comparator needs two input signals to extract the information, the IF 
limiter has a balanced output. One of the outputs is directly 
connected to the input of the phase comparator. The other signal 
from the limiter’s output (Pin 11) is phase shifted 90 degrees 
(through external components) and frequency selected by the 
quadrature tank. This signal is then connected to the other input of 
the phase comparator (Pin 10 of the NE605). The signal coming out 
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of the quadrature detector (phase detector) is then low-passed 
filtered to get the baseband signal. A mathematical derivation of this 
can be seen in the NE604A data sheet. 
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The quadrature tank plays an important role in the quality of the. 
baseband signal. It determines the distortion and the audio output 
amplitude. If the “Q” is high for the quadrature tank, the audio level 
will be high, but the distortion will also be high. If the “Q” is low, the 
distortion will be low, but the audio level will become low. One can 
conclude that there is a trade-off. 


Output Section 

The output section contains an RSSI, audio, and data (unmuted 
audio) outputs which can be found on Pins 7, 8, and 9, respectively, 
on the NE605. However, amplitude shift keying (ASK), frequency 
shift keying (FSK), and a squelch control can be implemented from 
these pins. Information on ASK and FSK can be found in Philips 
Components-Signetics application note AN1993. 


Although the squelch. control can be implemented by using the RSS| 
output, it is not a good practice. A better way of implementing 
squelch control is by comparing the bandpassed audio signal to high 
frequency colored FM noise signal from the unmuted audio. When 
no baseband signal is present, the noise coming out of the unmuted 
audio output will be stronger, due to the nature of FM noise. 
Therefore, the output of the external comparator will go high — 
(connected to Pin 5 of the NE605) which will mute the audio output. 
When a baseband signal is present, the bandpassed audio level will 
dominate and the audio output will now unmute the audio. 


Audio and Unmuted Audio (Data) 

The audio and unmuted audio outputs (Pin 8 and 9, respectively, on 
the NE605) will be discussed in this section because they are 
basically the same. The only difference between them is that the 
unmuted audio output is always “on” while the audio output can 
either be turned “on” or “off’. The unmuted audio output (data out) is 
for signaling tones in systems such as cellular radio. This allows the 
tones to be processed by the system but remain silent to the user. 
Since these tones contain information for cellular operation, the 
unmuted audio output can also be referred to as the “data” output. 
Grounding Pin 5 on the NE605 mutes the audio on Pin 8 
(connecting Pin 5 to Vec unmutes it). 


Both of these outputs are PNP current-to-voltage converters with a 
55kQ nominal internal load. The nominal frequency response of the 
audio and data outputs are 300kHz. However, this response can be 
increased with the addition of an external resistor (<58kQ) from the 
output pins to ground. This will affect the time constant and lower 
the audio’s output amplitude. This technique can be applied to SCA 
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receivers and data transceivers (as mentioned in the NE604A data 
sheet). 


RSSI Output 

RSSI (Received Signal Strength Indicator) determines how well the 
received signal is being captured by providing a voltage level on its 
output. The higher the voltage, the stronger the signal. 


The RSSI output is a current-to-voltage converter, similar to the 
audio outputs. However, a 91kQ external resistor is needed to get © 
an output characteristic of 0.5V for every 20dB change in the input 
amplitude. 


As mentioned earlier, the linearity of the RSSI curve depends on the 
12dB insertion loss between the IF amplifier and IF limiter. The 
reason the RSSI output is dependent on the IF section is because of 
the V/l converters. The amount of current in this section is 
monitored to produce the RSSI output signal. Thus, the IF 
amplifier’s rectifier is internally calibrated under the assumption that 
the loss is 12dB. 


Because unfiltered signals at the limiter inputs, spurious products, or 
regenerated signals will affect the RSSI curve, the RSSI is a good 
indicator in determining the stability of the board’s layout. With no 
signal applied to the front end of the NE605, the RSSI voltage level 
should read 250mMVrms or less to be a good layout. If the voltage 
output is higher, then this could indicate oscillations or regeneration 
in the design. 


Performance Graphs of Output Section 
Description 


51kQ Thermistor in Series with 100kQ Resistor Across 
Quad Tank (Thermistor Quad Q Compensation) 


NE605 Application Board at —55°C 
29b | NE605 Application Board at -40°C . 


29c | NE605 Applicatioh Board at +25°C 
29d | NE605 Application Board at +85°C 












29a 


7 


29e | NE605 Application Board at +125°C 
30a NE604A for -68dBm RSSI Output vs. Temperature at 
Different Supply Voltages 

30b NE604A for —-18dBm RSSI Output vs. Temperature at 
Different Supply Voltages . 

30¢ | NE605 for -120dBm RSSI Output vs. Temperature at 
Different Supply Voltages 

30d NE605 for —-76dBm RSSI Output vs. Temperature at 
Different Supply Voltages 


NE605 for -28dBm RSSI Output vs. Temperature at 
different Supply Voltages 


NE605 Audio level vs. Temperature and Supply Voltage 
NE605 Data Output at -76dBm vs. Temperature 
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Referring to the NE/SA604A data sheet, there are three primary A. While careful layout is extremely critical, one of the single most 
ways to deal with regeneration: (1) Minimize the feedback by gain neglected components is the power supply bypass in applications of 
stage isolation, (2) lower the stage input impedances, thus NE604A or NE605. Although increasing the value of the tantalum 
increasing the feedback attenuation factor, and (3) reduce the gain. capacitor can solve the problem, more careful testing shows that it is 
Gain reduction can be accomplished by adding attenuation between actually the capacitor’s ESR (Equivalent Series Resistance) that 
stages. More details on regeneration and stability considerations needs to be checked. The simplest way of screening the bypass 
can be found in the NE/SA604A data sheet. capacitor is to test the capacitor’s dissipation factor at a low 
frequency (a very easy test, because most of the low frequency 
Ill. QUESTIONS & ANSWERS: capacitance meters display both C, and Dissipation factor). 


Q.—Bypass. How important is the effect of the power supply bypass 
on the receiver performance? 
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Q.—On-chip oscillator. We cannot get the NE605 on-chip oscillator 























= INTERSTAGE to work. What is the problem? 
ft eis Cz A. The on board oscillator is just one transistor with a collector that 
3 TOeae is connected to the supply, an emitter that goes to ground through a 
Z 15.9dB 25k resistor, and a base that goes to the supply through an 18k 
a resistor. The rest of the circuit is a buffer that follows the oscillator 
< from the transistor base (this buffer does not affect the performance 
= of the oscillator). 
OimV mV 1mV. 10mV_ ss 100mv Fundamental mode Colpitts crystal oscillators are good up to 30MHz 
IF INPUT LEVEL (Vams); RL = 91k and can be made by a crystal and two external capacitors. At 
higher frequencies, up to about 9OMHZ, overtone crystal oscillators 
Figure 21. NE604A’s RSSI Curve at Different (Colpitts) can be made like the one in the cellular application circuit. 
interstage Losses At higher frequencies, up to about 170MHz, Butler type oscillators 
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(the crystal is in series mode) have been successfully demonstrated. 
Because of the 8GHz peak fy of the transistors, LC Colpitts 
oscillators have been shown to work up to 9OOMHz. The problem 
encountered above 400MHz is that the on-chip oscillator level is not 
sufficient for optimum conversion gain of the mixer. As a result, an 
external oscillator should be used at those frequencies. 


Generally, about 220MVpms is the oscillator level needed on Pin 4 
for maximum conversion gain of the mixer. An external oscillator 
driving Pin 4 can be used throughout the band. Finally, since the 
NE605’s oscillator is similar to the NE602, all of the available 
application notes on NE602 apply to this case (assuming the pin out 
differences are taken into account by the user). 


Below are a couple of points to help in the oscillator design. The 
oscillator transistor is biased around 250yA which makes it very 
hard.to probe the base and emitter without disturbing the oscillator 
(a high impedance, low capacitance active FET probe is desirable). 
To solve these problems, an external 22k resistor (as low as 10k) 
can be used from Pin 3 to ground to double the bias current of the 
oscillator transistor. This external resistor is put there to ensure the 
start up of the crystal in the 80MHz range, and to increase the fr of 
the transistor for above 300—-400MHz operation. Additionally, this 
resistor is required for operations above 80-90MHz. When a 1k 
resistor from Pin 1 to ground is connected on the NE605, half of the 
mixer will shut off. This causes the mixer to act like an amplifier. As 
a result, Pin 20 (the mixer, now amplifier output) can be probed to 
measure the oscillator frequency. Furthermore, the signal at Pin 20 
relates to the true oscillator level . This second resistor is just for 
optimizing the oscillator of course. Without the 1k resistor, the signal 
at Pin 20 will be a LO feedthrough which is very small and frequency 
dependent. 


Finally in some very early data sheets, the base and emitter pins of 
the oscillator were inadvertently interchanged. The base pin is Pin 
4, and the emitter pin is Pin 3. Make sure that your circuit is 
connected correctly. 


Q.-Sensitivity at higher input frequencies. We cannot get good 
sensitivity like the 45MHz case at input frequencies above 70MHz. 
Do you have any information on sensitivity vs. input frequency? 


A. The noise figure and the gain of the mixer degrade by less than 
0.5dB, going from 50 to 100MHz. Therefore, this does not explain 
the poor degradation in sensitivity. If other problems such as layout, 
supply bypass etc. are already accounted for, the source of the 
problem can be regeneration due to the 7OMHz oscillator. What is 
probably happening is that the oscillator signal is feeding through 
the IF, getting mixed with the 455kHz signal, causing spurious 
regeneration. The solution is to reduce the overall gain to stop the 
regeneration. 


This gain reduction can be done in a number of places. Two simple 
points are the attenuator network before the second filter and the LO 
level (see Figure 22). The second case will reduce the mixer’s 
noise figure which is not desirable. Therefore, increasing the 
Interstage loss, despite minimal effect on the RSSI linearity, is the 
correct solution. As the Interstage loss is increased, the 
regeneration problem is decreased, which improves sensitivity, 
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despite lowering of the over-all gain (the lowest RSS| level will keep 
decreasing as the regeneration problem is decreased). For an 
81MHz circuit it was found that increasing the Interstage loss from 
12dB to about 17dB produced the best results (-119dBm 
sensitivity). Of course, adding any more mistsiage loss will start 
degrading sensitivity. 


Conversely, dealing with the oscillator design, low LO levels could 
greatly reduce the mixer conversion gain and cause degradation of 
the sensitivity. For the 81MHz example, a 22k parallel resistor from 
Pin 3 to ground is required for oscillator operation where a Colpitts 
oscillator like the one in the cellular application circuit.is used. The 
LO level at Pin 4 should be around 220MVpwms for good operation. 
Lowering the LO level to approximately 150mMVpms may be a good . 
way of achieving stability if increasing Interstage attenuation is not 
acceptable. In that case the 22k resistor can be made a thermistor 
to adjust the LO level vs. temperature for maintaining sensitivity and 
ensuring crystal start-up vs. temperature. At higher IF frequencies 
(above 30MHz), the interstage gain reduction is not needed. The 
bandwidth of the IF section will lower the overall gain. So, the 
possibility of regeneration decreases. 


Q.-Mixer noise figure. How do you measure the mixer noise figure 
in NE605, and NE602? 


A. We use the test circuit shown in the NE602 data sheet. The 
noise figure tester is the HP8970A. The noise source we use is the 
HP346B (ENR = 15.46dB). Note that the output is tuned for 
10.7MHz. From that test circuit the NF-meter measures a gain of 
approximately 15dB and 5.5dB noise figure. 


More noise figure data is available in the paper titled “Gilbert-type 
Mixers vs. Diode Mixers” presented at RF Expo ’89 in Santa Clara, 
California. (Reprints available apredgn Signetics Publication 
Services.) 


Q.— What is the value of the series resistor before the IF filter in the 
NE605 or NE604A applications? 


A. A value of 5.1kQ has been used by us in our demo board. This 
results in a maximally straight RSSI curve. A lower value of about 
1k will match the filter better. A better solution is to use an L pad as 
discussed earlier in this application note. 


Q.— What is the low frequency input resistance of the NE605? 


A. The data sheets indicated a worst case absolute minimum of 
1.5k. The typical value is 4.7k. 


Q.-— What are BE-BC capacitors in the NE605 oscillator transistor? 


A. The oscillator is a transistor with the collector connected to the 
supply and the emitter connected to the ground through a 25k 
resistor. The base goes to the supply through an 18k resistor.. The 
junction capacitors are roughly about 24fF (fempto Farads) for CJE 
(Base-emitter capacitors), and 44fF for CJC (Collector-base 
capacitors). There is a 72fF capacitor for CUS (Collector-substrate 
capacitor). This is all on the chip itself. It should be apparent that 
the parasitic packaging capacitors (1.5-2.5pF) are the dominant 
values in the oscillator design. 
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Figure 22. Implementing the 12dB Insertion Loss 





Summary of Differences for NE/SAG04/604A 
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IF Limiter Output . 


Q.- What are the differences between the NE604 and NE604A? 
(see Table below) 


A. The NE/SA604A is an improved version of the NE/SA604. 
Customers, who have been using the NE604 in the past, should 
have no trouble doing the conversion. 


The main differences are that the small signal IF bandwidth is 
25MHz instead of 15MHz, and the RSS| is internally temperature 
compensated. If external temperature compensation was used for 
the NE604, the designer can now cut cost with the NE604A. The 
designer can either get rid of these extra parts completely or replace 
the thermistor (if used in original temperature compensated design) 
with a fixed resistor. 


Those using the NE604 at 455kHz should not see any change in 
performance. For 10.7MHz , a couple of dB improvement in 
performance will be observed. However, there may be a few cases 
where instability will occur after using NE604A. This will be the case 
if the PC-board design was marginal for the NE604 in the first place. 
This problem, however, can be cured by using a larger than 10u.F 
tantalum bypass capacitor on the supply line, and screening the 
capacitors for their ESR (equivalent series resistance) as mentioned 
earlier. The ESR at 455kHz should be less than 0.2Q. Since ESR 
is a frequency dependent value, the designer can correlate good 
performance with a low frequency dissipation factor, or ESR 
measurement, and screen the tantalum capacitors in production. 
There are some minor differences as well. The NE/SA604A uses 
about 1mA more current than the NE/SA604. An emitter follower 
has been added at the limiter output to present a lower and more 
stable output impedance at Pin 9. The DC voltage at the audio and 
data outputs is approximately 3V instead of 2V in the NE604, but 
that should not cause any problems. The recovered audio level, on 
the other hand, is slightly higher in the NE604A which should 
actually be desirable. Because of these changes, it is now possible 
to design 21.4MHz IFs using the NE604A, which was not possible 
with the NE604. 


The two chips are identical, otherwise. The customers are 
encouraged to switch to the NE604A because it is a more advanced 
bipolar process than the previous generation used in theNE604. As 
a result we get much tighter specifications on the NE604A. 
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Emitter follower buffer output with 8k in the emitter 


Q.— How does the NE605 mixer compare with a typical double 
balanced diode mixer? 


A. Some data on the comparison of the conversion gain and LO 
power requirements are shown in this application note. These two 
parameters reveal the advantages in using the NE605 mixer. 


The only drawback of the NE605 may seem to be its lower 
third-order intercept point in comparison to a diode mixer. But, this 
is inherent in the NE605 as a result of the low power consumption. 
If one compares the conversion gain of the NE605 with the . 
conversion loss of a low cost diode mixer, it turns out that the 
third-order intercept point, referred to the output, is the same or 
better in the NE605. Another point to take into account is that a 
diode mixer cannot be used in the front end of a receiver without a 
preamp due to its poor noise figure. A third-order intercept analysis 
shows that the intercept point of the combination of the diode mixer 
and preamp will be degraded at least by the gain of the preamp. A 
preamp may not be needed with NE605 because of its superior 
noise figure. 


For more detailed discussion of this topic please refer to the paper 
titled “Gilbert-type Mixers vs. Diode Mixers”). 


Q.— How can we use the NE605 for SCA FM reception? 


A. The 10.7MHz application circuit described in AN1993 can be 
used in this case. The LO frequency should be changed and the RF 
front-end should be tuned to the FM broadcast range. The normal 
FM signal, coming out of Pin 8 of the NE605, could be expected to 
have about 1.5uV (into 50Q) sensitivity for 20dB S/N. This signal 
should be band-pass filtered and amplified to recover the SCA 
sub-carrier. The output of that should then go to a PLL SCA 
decoder, shown on the data sheet of Signetics NE565 phase lock 
loop, to demodulate the base-band audio. The two outputs of the 
NE605 Pins 8 and 9 can be used to receive SCA data as well as 
voice, or features such as simultaneous reception of both normal 
FM, and SCA. The RSSI output, with its 90dB dynamic range, is 
useful for monitoring signal levels. 


Q.— What is the power consumption of the NE605 or NE604A vs. 
temperature and Vcc? 
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A. The NE605 consumes about 5.6mA of current at 6V. This level 
is slightly temperature and voltage dependent as shown in Figure 
33. Similar data for the NE604A is shown in Figure 34. 


Q.— How can you minimize RF and LO feedthroughs 


A. The RF and LO feedthroughs are due to offset voltages at the 
input of the mixer’s differential amplifiers and the imbalance of the 
parasitic capacitors. A circuit, such as the one shown in Figure 35, 
can be used to adjust the balance of the differential amplifiers. The 
circuit connected to Pins 1 and 2 will minimizé RF feedthrough while 
the circuit shown connected to Pin 6 will adjust the LO feedthrough. 
The only limitation is that if the RF and LO frequencies are in the 
100MHZz range or higher, these circuits will probably be effective for 
a narrow frequency range. 


Q.- Distortion vs. RF input level. We get a good undistorted 
demodulated signal at low RF levels, but severe distortion at high 
RF levels. What is happening? 


A. This problem usually occurs at 10.7MHz or at higher IF’s. The IF 
filters have not been properly matched on both sides causing a 
sloping IF response. The resulting distortion can be minimized by 
adjusting the quad tank at the FM threshold where the IF is out of 
limiting. As the RF input increases, the IF stages will limit and make 
the IF response flat again. At this point, the effect of the bad setting 
of the quad tank will show itself as distortion. The solution is to 
always tune the quad tank for distortion at a medium PF level, to 
make sure that the IF is fully limited. Then, to avoid excessive 
distortion for iow RF levels, one should make sure that the IF filters 
are properly matched. 


Q.-The most commonly asked questions: “Why doesn’t the 
receiver sensitivity meet the specifications?”; “Why is the RSSI 
dynamic range much less than expected?”; “Why does the RSSI 
curve dip at 0.9V and stay flat at 1V as the RF input decreases?”; 
“Why does the audio output suddenly burst into oscillation, or output 
wideband noise as the RF input goes down, instead of dying down 
slowly?”; “When looking at the IF output with a spectrum analyzer, 
why do high amplitude spurs become visible near the edge of the IF 
band as the RF level drops?” 


A. These are the most widely observed problems with the NE605. 
They are all symptoms of the same problem; instability. The 
instability is due to bad layout and grounding. 


Regenerative instability occurs when the limiter’s output signals are 
radiated and picked up by the high impedance inputs of the mixer 
and IF amp. This signal is amplified by both the IF amp and limiter. 
Positive feedback causes the signal to grow until the signal at the 
limiter’s output becomes limited. Due to the nature of FM, this 
instability will dominate any low RF input levels and capture the 
receiver (see Figure 23). 


Since the receiver behaves normally for high RF inputs, it misleads 
the designer into believing that the design is okay. Additionally the 
RSSI circuit cannot determine whether the signal being received is 
coming from the antenna or the result of regenerative instability. 
Therefore, RSSI will be a good instability indicator in this instance 
because the RSSI will stay at a high level when the received signal 
decreases. Looking at the IF spectrum (Pin 11 for 605, Pin 9 for 
604A) with the RF carrier present (no modulation), the user will see 
a shape as shown below. When regenerative instability occurs, the 
receiver does not seem to have the ultimate sensitivity of which it is 
capable. 
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Figure 23. 





Make sure that a double sided layout with a good ground plane on 
both sides is used. This will have RF/IF loops on both sides of the 
board. Follow our layouts as faithfully as you can. The supply 
bypass should have a low ESR 10—15pF tantalum capacitor as 
discussed earlier. The crystal package, the inductors, and the quad 
tank shields should be grounded. The RSSI output should be used 
as a progress monitor even if is not needed as an output. The 
lowest RSSI level should decrease as the circuit is made more 
stable. The overall gain should be reduced by lowering the input 
impedance of the IF amplifier and IF limiter, and adding attenuation 
after the IF amplifier, and before the 2nd filter. A circuit that shows 
an RSSI of 250mV or less with no RF input should be considered 
close to the limit of the performance of the device. If the RSSI still 
remains above 250mV, the recommendations mentioned above 
should be revisited. 


Q.— Without the de-emphasis network at the audio output, the -3dB 
bandwidth of the audio output is limited to only 4.5kHz. The 
maximum frequency deviation is 8kHz, and the IF bandwidth is 
25kHz. What is the problem? 


A. What is limiting the audio bandwidth in this case is not the output 
circuit, but the IF filters. Remember that Carson’s rule for FM IF 
bandwidth requires the IF bandwidth to be at least: 


2(Max frequency Dev. + Audio frequency) 


With a 25kHz IF bandwidth and 8kHz frequency deviation, the 
maximum frequency that can pass without distortion is 
approximately 4.5kHz. 2(8kKHz + 4.5KHz) is 25kHz as expected. 


REFERENCES: 
“High-Performance Low-Power FM IF System” (NE604A data 
sheet), Signetics Linear Data Manual, Signetics, 1988. 


“AN199-Designing with the NE/SA604”, Signetics Linear Data 
Manual, 1987. 


“AN1981—New Low Power Single Sideband Circuits”, Signetics 
Linear Data Manual, 1988. 
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“Applying the Oscillator of the NE602 in Low Power Mixer 
Applications”, Signetics Linear Data Manual, 1988. 


“AN1993-High Sensitivity Applications of Low-Power RF/IF 
Integrated Circuits”, Signetics Linear Data Manual, 1988. 


“RF Circuit Design’, Bowick. C., Indiana: Howard W. Sams & 
Company, 1982. 
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Figure 24. IF Amplifier Gain | 





“The ARRL Handbook for the Radio Amateur’, American Radio 
Relay League, 1986. 


“Communications Receivers: Principles & Design’, Rohde, U., 
Bucher, T.T.N., McGraw Hill, 1988. 


“Gilbert-type Mixers vs. Diode Mixers”, proceedings of R.F. Expo 
1989, Fotowat, A., Murthi, E., pp. 409-413. 
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Figure 26. IF Amplifier Gain Drop, 20MHz Response 
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Figure 27. IF Limiter Drop, 20MHz Response 
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Figure 28. Audio Output: Compensated vs Uncompensated 
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Figure 33. NE605 Icc vs Temperature Figure 34. NE604A Icc vs Temperature 











Figure 35. Minimizing RF and LO Feedthrough 
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Application Component List 
Ci 47pF NPO Ceramic C21 100nF +10% Monolithic Ceramic 
C2 180pF NPO Ceramic C23. = 100nF +10% Monolithic Ceramic 
C5 100nF +10% Monolithic Ceramic C25 100nF +10% Monolithic Ceramic 
C6 22pF NPO Ceramic Fit1 Ceramic Filter Murata SFG455A3 or equiv 
C7 1nF Ceramic FIt2 Ceramic Filter Murata SFG455A3 or equiv 
C8 10.0pF NPO Ceramic IFT1 455kHz (Ce = 180pF) Toko RMC-2A6597H 
C9 100nF +10% Monolithic Ceramic L1 147-160nH Coilcraft UNI-10/142—-04J08S 
C10 6.8.F Tantalum (minimum) * L2 3.3.H nominal 
C11 100nF +10% Monolithic Ceramic Toko 292CNS-T1046Z 
C12 15nF +10% Ceramic X1  44.545MHz Crystal ICM4712701 
C13 150pF +2% N1500 Ceramic RQ = 100k +1% 1/4W Metal Film 
C14 100nF +10% Monolithic Ceramic R17 -5.1k +5% 1/4W Carbon Composition 
C15 10pF NPO Ceramic R5 Not Used in Application Board (see Note 8) 
C17 100nF +10% Monolithic Ceramic R10 = 100k +1% 1/4W Metal Film (optional) 
C18 100nF +10% Monolithic Ceramic Rit = 100k +1% 1/4W Metal Film (optional) 


Figure 36. NE/SA605 45MHz Application Circuit 
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Table 1. Related Application Notes 


AN198 Feb. 1987 | Designing with the NE/SA602 — Advantages/Disadvantages to single-ended or balanced matching 


AN1981 Dec. 1988 | New Low Power Single Sideband Circuits | — General discussion on SSB circuits 












— Audio processing 
— Phasing-filter technique 






AN1982 Dec. 1988 | Applying the Oscillator of the NE602 in Low | — Oscillator configurations 
Mixer Applications ~ 


Circuits of: 
— AM synchronous det. 
— Temp. compensated RSSI circuit 





AN199 Feb. 1987 | Designing with the NE/SA604 





— Field strength meter 
— Product detector 


AN1991 Dec. 1988 | Audio Decibel Level Detector with Meter | — Uses of the 604 in application 
Driver 
AN1993 Dec. 1988 | High Sensitivity Application Low-Power | — An overview of the NE602 and NE604 in typical applications 
RF/IF Integrated Circuits — Good information before getting started 
Table 2. Comparing Balanced vs Unbalanced Matching 


oe — Very simple circuit : : 
Pins 1 and 2 (RF input) single-ended (unbalanced) : | No sacrifice in 3rd-order performance Mee Setor eng OLCet Pregucls 


— Reduce 2nd-order products — Impedance match difficult to achieve 


Table 3. LO Configurations 


LO (MHz) Suggested Configuration Using On-board 
Oscillator 


Fundamental mode, use Colpitts 
30-70 | 3rd overtone mode, use Colpitts 


70-90 | 3-5th overtone mode, use Colpitts with 22kQ resistor 
connected from the emitter pin to ground 

90-170 | Use Butler, crystal in series mode, and a 22kQ resistor 
connected from the emitter pin to ground 


170-300 | LC configuration 
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Author: Alvin K. Wong 
INTRODUCTION: 


With the increasing demand for smaller and lighter equipment, 
designers are forced to reduce the physical size of their systems. 
There are several approaches to solving the size problem. A 
designer needs to look for sophisticated integrated single chip 
solutions, chips that are smaller in size, and chips that require 
minimum external components. 


Philips Semiconductors offers all of these solutions in their NE605. 
The NE605 single-chip receiver converts the RF signal to audio and 
is available in three packages: DIP,SO, and SSOP. This offers total 
flexibility for layout considerations. The SSOP package is the 
smallest 20 pin package available in the market today, and allows 
the designer the flexibility to reduce the overall size of a layout. 


When working with a smaller and tighter iayout in a receiver design, 
it becomes important to follow good RF techniques. This application 
note shows the techniques used in the SO and SSOP demo-board. 
It does not cover ihe basic functionality of the NE605 but instead 
focuses more on the layout constraints. This application note also 
has a trouble-shooting chart to aid the designer in evaluating the SO 
and SSOP demo-board. For a complete explanation of the NE605, 
please refer to application note AN1994 which describes the basic 
block diagrams, reviews the common problems encountered with 
the NE605, and suggests solutions to them. Reading AN1994 is 
highly recommended before attempting the SO and SSOP layoui. 

















The recommended layout demonstrates how well the chip can 
perform. But it should be pointed out that the combination of 
external parts with their tolerances plays a role in achieving 
maximum sensitivity. 


The minimum and maximum 12dB SINAD measurement for both 
boards is -118dBm and -119.7dBm, respectively. A typical reading 
taken in the lab for both SO and SSOP demo-boards is -119dBm. 


There were two different design approaches for both layouts. For 
the SO layout, there are inductive tuning elements (except for the 
LO section); for the SSOP layout there are capacitive tuning 
elements. This approach was taken to show the designer that both 
ways can be used to achieve the same 12dB SINAD measurement. 
However, it is worth mentioning that capacitive tuning elements are 
less expensive than the inductive tuning elements. 


Packages Available 

As mentioned above, there are three packages available for the 
NE605. See ihe “Package Outline” section of the Philips 
Semiconductors 1992 RF Handbook for the physical dimensions of 
all three packages. Notice that the DIP package is the largest of the 
three in physical size; the SSOP is the smallest. The recommended 
layout and performance graphs for the DIP package are shown in 
the NE605 data sheet and AN1994. But the SO and SSOP 
recommended layout and performance graphs are shown in this 
application note. 
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SO LAYOUT: C9-— Supply bypassing 
Figure 1 shows the schematic for the SO layout. Listed below are C10— Supply bypassing 
the basic functions of each external component for Figure 1. Cit. Wedd ae titer 


Ci-—  Partof the tapped-C network to match the front-end 
C2-— Part of the tapped-C network to match the front-end 
C5— Used as an AC short to Pin 2 

C6-— Used to tune the LO for the Colpitts oscillator 

C7-— Used as part of the Colpitts oscillator 


C12-— Used as filter 

C13—- Used as filter 

C14— Used to AC ground the Quad tank 

C15— Used to provide the 90° phase shift to the phase detector 


C17~- IF limiter decoupling cap 
C8- Used as part of the Colpitts oscillator 
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C18— IF limiter decoupling cap 
C21 — IF amp decoupling cap 
C23 —- IF amp decoupling cap 
C26— Quad tank component 


L1-— Part of tapped-C network to match the front-end TOKO 
5CB-1320Z 


L2-— Part of the Colpitts oscillator Coilcraft 1008CS-122 
R9- Used to convert the current into the RSSI voltage 
R10— Converts the audio current to a voltage 

Ri1-— Converts the data current to a voltage 





30pE C3 TRMR 





U1 


R17—- Used to achieve the ~12dB insertion loss 

IFT1— Inductor for the Quad tank TOKO 303LN-1130 

FILT1 -Murata SFG455A3 455kHz bandpass filter 

FILT2 —Murata SFG455A3 455kHz bandpass filter 

X1- Standard 44.545MHz crystal in QC38 package 

The recommended SO layout can be found in Figure 2 and should 


be used as an example to help designers get started with their 
projects. 


The SO NE605 board performance graphs can be found in Figure 3. 
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SSOP LAYOUT: 
Figure 4 shows the schematic for the SSOP layout. 


Ci-— Part of the tapped-C network to match the front-end 
C2-— Part of the tapped-C network to match the front-end 
C3- Part of the tapped-C network to match the front-end 
C5— Used as an AC short to Pin 2 

C6-— Used to tune the LO for the Colpitts oscillator 

C7- Used as part of the Colpitts oscillator 

C8— Used as part of the Colpitts oscillator 

C9— Supply bypassing 

Ci0— Supply bypassing 

C11— Used as filter 

C1i2—- Used as filter 

C1i3— Used as filter 

C1i4-— Used to AC ground the Quad tank 

C15—-— Used to provide the 90° phase shift to the phase detector 
C17— IF limiter decoupling cap 

C18—- IF limiter decoupling cap 
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Figure 4. NE605 Schematic for the SSOP Layout 





C15 
10pF 




















C14 
cz we 


C21 —- IF amp decoupling cap 
C23 —-— IF amp decoupling cap 
C24- Part of the Quad tank 
C25— Part of the Quad tank 
C26-— Part of the Quad tank 


L1-— Part of tapped-C network to match the front-end Coilcraft 
1008CS-331 


L2-— Part of the Colpitts oscillator Coilcraft 1008CS-122 
R9—-— Used to convert the current into the RSSI voltage 
R10-— Converts the audio current to a voltage 

R11— Converts the data current to a voltage 

R17— Used to achieve the —12aB insertion loss 

IFT1— Inductor for the Quad tank Mouser ME435-2200 
FILT1 —Murata SFGCC455BX 455kHz bandpass filter 
FILT2 —Murata SFGCC455BX 455kHz bandpass filter 
X1- Standard 44.545MHz crystal 


The SSOP layout can be found in Figure 5. The SSOP NE605 
board performance graphs can be found in Figure 7. 
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The main difference between the SO and SSOP demo-boards is 
that the SSOP demo-board incorporates the low profile 455kHz 


Murata ceramic filter. It has an input and output impedance of 1.0kQ. 
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This presents a mismatch to our chips, but we have found that the 
overall performance is similar to that when we use the “blue” Murata 
filters that have the proper 1.5kQ input and output impedance. 
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Figure 5. NE605 SSOP Demo-board Layout (Not Actual Size) 
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HOW TO TUNE THE NE605 DEMO-BOARD demo-boards. Below are some of the highlights from the trouble 
Figure 7 shows a trouble-shooting chart for the NE605. It can be shooting chart that are explained in more detail. 
used as a general guide to tune the DIP, SO, and SSOP 




























Part may have been 
damaged, install another 
chip and start over. 








Did you measure all of the 
pin DC voltages and do 
they correspond to 
TABLE 1? 











Did you find any 
external shorts? 





Fix the problem 













Did you measure all of the 
pin DC voltages and do they 
correspond to TABLE 1? 










YES 















Are the I.F. section 
bypass capacitors 
properly soldered with |, 
he correct values? 














Did. you find anything 
wrong when you looked 
for wrong component 
values and/or poor solder 
on that pin? 


NO 
rat Repair 
Measure the RSSI 
| voltage on pin 7 













Replace wrong 
component(s) 








Did you replace the 
existing bypass ca- 
pacitor with another 
one with a low ESR 
on the supply line and 
does it help? 






















Are the correct 
RSSI components 
in place? 
















APPLY: 
RF = 45 MHz 
RF level = —68 dbm 
Audio freq. = 1 KHz 
Modulation = 8 KHz 


YES 











Connect a scope to 
the audio out (pin 8) 
of NE605 


ae ©) 


v 
CONTINUED ON NEXT PAGE 


Figure 7. Trouble-shooting Chart for the NE605 Demo-board 


Turn modulation on. REPAIR. 
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NO YES Is 1 KHz signal 


present when you 
adjust quad tank? 





Isa 1 KHz 


signal present? modulation 


on? 


YES YES 


Connect distortion 
analyzer to audio out 
(pin 8) of ne605. 


Adjust quad tank for 
minimum distortion. 





Adjust L.O. tuning element 
to lock on frequency. 




































between 140 mV 


and 199 mV RMS2 quad tank correct? 


Refer to the Mixer Conversion 
Gain and IF section text 
portion in this app. note. 





NO 


REPAIR. 


ORS 


YES 


DO 





Decrease RF level until -12 
dB sinad measurement is 
achieved. 





NO 





Did you replace the existing 
bypass capacitor with another 
one with a low ESR on the sup- 
ply line and does it help? 


Do you read -118 
dBm or better for 
—12 dB sinad? 


NO - 






YES 


YES 


Board is tuned and ready 


for evalution. 





GOOD JOB! 











Adj 
achie 





“NOTE: Refer to the appropriate text section of the app. note for further details. 
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front end help? 


check for proper component 
values and connection. 
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Are the quad tank 
component values 
correct and soldered 
correctly? 


NO 


YES 





Is the signal in 
the linear portion 
of the ’S’ curve for 
the quad tank? 








a ei a ee ne NO Is there signal YES Is there signal 
istortion reading? Aten vetuning getting to the quad getting to the quad & 
2 in 11? 
the quad tank, NO tank on pin 107 tank on pin 117 
YES do you get a 
Q—-1.8% reading? 
YES 
ee Check IF signal path for the 
fie NO correct gain specs. 
Sone ee ave Is the "Q” of the YES (IF amp = 40dB IF Limiter = 60dB) 





NO 














Is the IF section NO 


es tuning the functioning properly? 


YES 


= ee 
©) 


YES 









Is the limiter output 
being loaded down? 


NO 














Part may have been 
damaged, install another 
chip and start over. 








is there proper mixer 
conversion gain? 





Is there sufficient LO 
drive (>200mVrms}? 


Be sure that mixer output 
is not being loaded down. 


ust LO tuning element to 
ve the proper LO drive and 
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How to tell when a part is damaged 

Since most SO and SSOP sockets hinder the maximum 
performance of the NE605, it is advisable to solder the packages 
directly to the board. By this approach, one will be able to evaluate 
the part correctly. However, it can be a tedious chore to switch to 
another part using the same layout. Therefore, to be absolutely 
certain that the chip is damaged, one can measure the DC voltages 
on the NE605. Table 8 shows the DC aereeeeee that each pin should 
roughly have to be a good part. 


Table 8. Approximate DC Voltages for the NE605 


6.00 ( a 


eC 


Note: The DC voltage on Pin 5 is not specified because it can either 
be Vcc or ground depending if the audio is muted or not 
(Connecting ground on Pin 5 mutes the audio on Pin 8, while Voc 
on Pin 5 unmutes the audio). 





The DC voltage on Pin 7 is not specified because its DC voltage 
depends on the strength of the RF signal getting to the input of the 
NE605. It also can be used as a stability indicator. 


If any of the DC voltages are way off in value, and you have followed 
the trouble-shooting chart, the part needs to be changed. 


RSSI Indicator 

The next important highlight is using the RSSI pin as a stability 
indicator. With power connected to the part and no RF signal applied 
to the input, the DC voltage should read 250mvV or less on Pin 7. 
Any reading higher than 250mV, indicates a regeneration problem. 
To correct for the regeneration problem, one should check for poor 
layout, poor bypassing, and/or poor solder joints. Bypassing the 
NE605 supply line with a low equivalent series resistance (ESR) 
capacitor to reduce the RSSI reading can improve the 12dB SINAD 
measurement by 8dB, as found in the lab. If the regeneration 
problem still exists, read AN1994. 
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Quad tank and S-Curve 

As briefly mentioned in the chart, it is important to measure the Q of 
the quad tank if a distortion reading of 1.8% or less cannot be 
measured. Recall that if the Q of the quad tank is too high for the 
deviation, then premature distortion will occur. However, if the Q is 
too low for the deviation, the audio level will be too low. The audio 
level coming out of the audio pin should be 140MVpms to 
190MVams. 








| SIGNAL GENERATOR 


RF = 455kHz 
Mod Freq. = 1kHz 
Mod Level = 8kHz 












LIMITER INPUT PIN 


AUDIO PIN 


DISTORTION 
ANALYZER 


ao 


OSCILLOSCOPE 
































FREQ. kHz DC VOLTAGE (V) 
400 1.66 
430 1.24 
455 2.13 
480 3.08 
20 2.88 





Figure 8. Test Set-up to Measure 
S-Curve of the Quad Tank 











If the distortion reading is too high and/or the audio level is too low, 
then it is important to measure and plot the S-curve of the quad 
tank. The test set-up used in the lab can be seen in Figure 8. 


The following steps were taken to measure the S-curve for the SO 
and SSOP demo-boards. 


Step 1. Remove the second IF ceramic filter from the demo-board. 


Step 2. Connect a signal generator to the limiters input through a 
DC blocking capacitor. 


Step 3. Connect a DC voltmeter and an oscilloscope to the audio 
output pin. 

Step 4. Set the signal generator to a 455kHz signal and be sure that 
the modulation is on (RF=455kHz Mod Freq = 1kHz Mod 
Level=8kHz). Apply this 455Khz signal to the limiter input 
such that there is a sinewave on the oscilloscope screen. 
Adjust the quad tank for maximum sinewave amplitude on 
the oscilloscope or for lowest distortion. Additionally, adjust 
the supply input signal to the NE605 such that the 1kHz 
sinewave reaches its maximum amplitude. 
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Figure 9. S-Curve for NE605 SO Demo-board 
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Figure 10. S-Curve for NE605 SSOP Demo-board 


520 











Step 5. Turn off the modulation and start taking data. Measure the 
Frequency vs DC voltage. Vary the frequency incrementally 
and measure the DC voltage coming out of the audio pin. 
Remember that once the modulation is turned off, the sine- 
wave will disappear from the oscilloscope screen. 


Step 6. Plot the S-curve. 


Figures 9 and 10 show the S-curve measurements for the SO and 
SSOP demo-boards. Notice that the center of the S-curve is at 
455kHz. The overall linearity determines how much deviation is 
allowed before premature distortion. Since our application requires 
+8kHz of deviation, our S-curve is good because it exceeds the 
linear range of 447kHz to 463kHz. 


If the Q of the quad tank needs to be lowered, a designer should put 
a resistor in parallel with the inductor. The lower the resistor value, 
the more the Q will be lowered. If the Q needs to be increased, 
choose a higher Q component. More information on the Quad tank 
can be found in the NE604A data sheet. 


If the linear section of the S-curve is not centered at 455kHz, the 
quad tank component values need to be recalculated. The way to 


where F 





determine the component values is by using F = 1 
2x VLC 
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should be the IF frequency. In the case of the demo-boards, the IF 
= 455kHz. 


Front End Tuning 

The best way to tell if the front end of the NE605 is properly 
matched is to use a network analyzer in a $11 setting. The lower 
the dip, the greater the absorption of the wanted frequency. Figures 
11 and 12 show the $11 dip for the front end matching of the SO 
and SSOP demo-boards, respectively. 


We have found in the lab that a -8dB to -10dB dip is usually 
sufficient to get the maximum signal transfer such that a good 12dB 
SINAD reading is met. The front end circuit uses a tapped-C 
impedance transformation circuit which matches the 50Q source 
with the input impedance of the mixer. 


In the process of matching the front end, we have found that the 
ratio of the two capacitors play an important role in transferring the 
signal from the source to the mixer input. There should be 
approximately a 4:1 or 5:1 ratio. 











FREQUENCY (MHz) 


Figure 11. S11 Front-End Response for SO Demo-board 




















FREQUENCY (MHz) 
Figure 12. S11 Front-End Response for SSOP Demo-board 











Checking the Conversion Gain of the Mixer 

Once the front end has been properly matched, a designer should 
check the conversion gain if there are problems with the SINAD 
measurement. Be sure to turn off the modulation when making this 
measurement. 


The method of measuring conversion gain on the bench is fairly 
simple. For our demo-boards, measure the strength of the 455kHz 
signal on the matching output network of the mixer with a FET 
probe. Then measure the 45MHz PF input signal on the matching 
input network of the mixer. Subtract the two numbers and the 
measured conversion gain should be around 13dB. Make sure that 
the input and output matching networks for the mixer have the same 
impedance since we are measuring voltage gain to get power gain 
(P = V2/R). Of course this conversion gain value will change if there 
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is a different RF input. In AN1994, Figure 16 shows how the 
conversion gain varies with different RF input frequencies. 


Checking the gains in the IF Section 

If the IF section does not give 100dB of gain, then the -118dBm 
SINAD measurement cannot be achieved. In fact some symptoms 
of low or no audio level can be due to the IF section. 


One way of checking the function of the IF section is to check the 
gain of the IF amplifier and the IF limiter. The I|F-amplifier gain 
should be around 40dB and the IF limiter gain should be around 
60cB. 


To check this, connect a FET probe to the output of the amplifier. 
Apply a strong input-signal with no modulation and then slowly lower 
the input signal and wait for the output of the amplifier to decrease. 
Measure the strength of the output signal in dB and then subtract 
from it the strength of the input signal in dB. This resulting number 
indicates the maximum gain of that section. (This method assumes 
maiched input and output impedance.) 


If a designer finds one of the sections with lower gain, then one area 
to check are the IF bypass capacitors. Be sure that the IF bypass 
capacitors have a good solid connection to the pad. It was also 
found in the lab that the RSSI stability reading improves when the IF 
bypass is properly installed. 


QUESTION & ANSWER SECTION 

Q: When | measure the bandpass response of the IF filters on the 
SSOP demo-board, it appears to have a little hump compared to the 
SO demo-board which has a flat filter response. Why is there a 
difference in the bandpass response when the SO and SSOP 605 
chips are similar? 


A: The answer has to do with the ceramic filters and not the 
package of the NE605. The reason why the SO demo-board has a 
flat bandpass response is because it is matched properly with the 
filter. The SSOP demo board uses the new Murata low profile 
ceramic 455kHz filter. Unfortunately, the input and output 
impedance is now 1kQ instead of 1.5kQ. This presents an 
impedance mismatch which creates the hump to occur in the 
bandpass response. But one does not have to worry too much 
about this response because the situation does not affect the overall 
performance that much. Additionally, the 12 SINAD measurement is 
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similar whether using the “blue” (1.5kQ) or “white” (1.0kQ) Murata 
filters. 


If you are worried about this, then switch to the correct “blue” Murata 
filters. The SSOP package will work with those filters as well. But if 
your design has strict height requirements, the white filters are a 
good solution. 


Q: How much LO signal do you see at the RF port? 


A: The worst LO leakage seen at the RF input on the SO and 
SSOP demo-board is -40dBm/441mV. This seems to vary with the 
LO level into the base of the on board transistor. This measurement 
will also vary with different LO frequencies. The NE605 SO and 
SSOP demo-boards have a LO frequency of 44.545MHz. Since 
there are so many variables, a designer needs to measure his/her 
own board for an accurate LO-RF isolation measurement. 


There are several ways to improve the LO leakage from getting to 
the antenna. One can choose a higher IF frequency and tighten up 
the bandwidth of the front-end filter. Another solution is to add a low 
noise amplifier between the antenna and the mixer, and/or design a 
double conversion receiver and make sure the 1st mixer has a 
LO-RF isolation which meets the system specifications. 


Q: On the SO and SSOP demo-board, the LO oscillator circuit is 
tunable with a variable capacitor. Is this a requirement? 


A: No. The variable capacitor is used to tune the LO freq., but one 
can use a fixed value. The advantage of going with a fixed value 
capacitor is that it is a cheaper component part and there is no need 
for tuning. The only advantage with a tunable LO is that a designer 
can optimize the performance of the receiver. 


Q: | know that the IF bandwidth of the NE605 allows me to build an 
IF of 21.4MHZ. Will the NE605 SSOP package perform just as 
good at 21.4MHz IF as it does at 455kHz? 


A: Although we have not worked with NE605 SSOP at 21.4MHZ, 
we believe that it would be difficult to get a 12dB SINAD 
measurement at -120dBm. The wavelengths are much smaller at 
21.4MHz than 455kHz. Since the wavelengths are smaller, there is 
a higher probability of regeneration occurring in the IF section. 
Therefore, a designer will probably have to reduce the gain in the IF 
section. Additionally, the SSOP package has pins that are 
physically closer together than with the normal type of packaged 
parts which can contribute to the unstable state with higher IF 
frequencies. 
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Author: Alvin K. Wong 
INTRODUCTION 


The need for high speed communications is increasing in the market 
place. To meet these needs, high performance receivers must 
demodulate at higher IF frequencies to accommodate for the wider 
deviations in FM systems. 


The standard 455kHz IF frequency, which is easier to work with, and 
thus more forgiving in production, no longer satisfies the high speed 
communication market. The next higher standard IF frequency is 
10.7MHz. This frequency offers more potential bandwidth than 
455kHz, allowing for faster communications. 


Since the wavelength at 10.7MHz is much smaller than 455kHz, the 
demand for a good RF layout and good RF techniques increases. 
These demands aid in preventing regeneration from occuring in the 
IF section of the receiver. This application note will discuss some of 
the RF techniques used to obtain a stable receiver and reveal the 
excellent performance achieved in the lab. 


BACKGROUND 

If a designer is working with the NE/SA605 for the first time, it is 
highly recommended that he/she reads AN1994 and AN1995. 
These two application notes discuss the NE/SA605 in great detail 
and provide a good starting point in designing with the chip. 


Before starting a design, it is also important to choose the correct 
part. Philips Semiconductors offers an extensive receiver line to 
meet the growing demands of the wireless market. Table 1 (see end 
of app note) displays the different types of receivers and their key 
features. With the aid of this chart, a designer will get a good idea 
for choosing a chip that best fits their design needs. 


If low voltage receiver parts are required in a design, a designer can 
choose between a NE/SA606, SA607, SA608, or SAG626. All of 





these low voltage receivers are designed to operate at 3V while still 
providing high performance to meet the specifications for cellular 
radio. All of these parts can operate with an IF frequency as high as 
2MHz. However, the SA626 can operate with a standard IF 
frequency of 10.7MHz and also provide fast RSSI speed. 
Additionally the SA626 has a power down mode to conserve battery 
power. 


A close look at Table 1 will also show that there are subtle 
differences between the 8V receivers. The main differences 
between the NE/SA606, SA607, and SA608 can be seen in the 
audio and RSSI output structure. Additionally the SA607‘and SA608 
provide a frequency check pin which can aid in locking in the 
desired received frequency over temperature. 


OBJECTIVE | 
The objective of this application note is to show that the NE/SA605 
can perform well at an IF frequency of 10.7MHz. Since most Philips 
Semiconductors receiver demo-boards are characterized at RF = 
45MHz/IF = 455kHz, we decided to continue to characterize at this 
frequency. This way we could compare how much degradation (for 
different IFs) there was with a RF = 45MHz2/IF = 455kHz vs RF = 
45MHz/ IF = 10.7MHz. As we will discuss !ater, there was minimal 
degradation in performance. 


We also tested at RF = 240MH2/IF = 10.7MHz. The 240MHz FF is 
sometimes referred to as the first IF for double conversion receivers. 
Testing the board at RF=83.16MHz (which is also a common first IF 
for analog cellular radio) and IF = 10.7MHz was not done because 
the conversion gain and noise figure does not change that much 
compared to 45MHz input. Therefore, we can probably expect the 
same type of performance at 83.16MHz. 
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Figure 1. NE/SA605/625 Schematic: RF = 240MHz, LO = 229.3MHz, IF = 10.7MHz 
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The RF = 240MHz/IF = 10.7MHz demo-board is expected to 
perform less than the RF = 45MHZ/IF = 10.7MHz demo-board 
because the mixer conversion gain decreases while the noise figure 
increases. These two parameters will decrease the performance of 
the receiver as the RF frequency increases. 


With the new demands for fast RSSI time, Philips Semiconductors 
has also designed receiver chips with fast RSS| speed: The 
NE/SA624, NE/SA625 and SA626. The NE/SA625 can also be 
used in this layout because it is pin-for-pin compatible with the 
NE/SA605. The RSSI circuitry was the only change done for the 
NE/SA625, so performance will be similar to the NE/SA605. 
Performance graphs shown in this application note will reveal the 
similarities. 


For systems requiring low voltage operation, IF=10.7MHz and fast 
RSSI speed, the SA626 will be the correct choice, however, this 
application note does not address the performance of the SA626 
because the SA626 was not available at this writing. 


Board Set-Up and Performance Graphs 

Figures 1 and 2 show the NE/SA605/625 schematics for the 
240MHz and 45MHz boards, respectively. Listed below are the 
basic functions of each external components for both Figures 1 and 
2. 


SO Layout Schematic List 

U1- NE/SA605 or NE/SA625 

FLT1-10.7MHz ceramic filter Murata SFE10.7MA5-A (280kHz BW) 
FLT2-10.7MHz ceramic filter Murata SFE10.7MA5-A (280kHz BW) 


Note: If a designer wants to use different IF bandwidth filters than 
the ones used in this application note, the quad tank’s S-curve may 
need to be adjusted to accommodate the new bandwidth. 


C1- Part of the tapped-C network to match the front-end mixer 
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Figure 2. NE/SA605/625 Schematic: RF = 45MHz, LO = 55.7MHz, IF = 10.7MHz 


























C2- Part of the tapped-C network to match the front-end mixer 

C3- Used as an AC short to Pin 2 and to provide a DC block for L1 
which prevents the upsetting of the DC biasing on Pin 1 

Cé6- part of the tapped-C network to match the LO input 

C7- part of the tapped-C network to match the LO input 

C8- DC blocking capacitor 

C9- Supply Bypassing 

C10-Supply bypassing (this value can be reduced if the 
NE/SA605/625 is used with a battery) 

C11-used as a filter, cap value can be adjusted when higher RSSI 
speed is preferred over lower RSSI ripple 

C12-used as a filter 

C13-used as a filter 

C14-used to AC ground the quad tank 

C15-used to provide the 90° phase shift to the phase detector 

C16-quad tank component to resonant at 10.7MHz with IFT1 and 
C15 

C17-IF limiter decoupling capacitor 

C18-DC block for L3 which prevents the upsetting of the DC biasing 
on Pin 14 

C19-part of the tapped-C network for FLT2 

C20-part of the tapped-C network for FLT2 

C21-IF amp decoupling cap 

C22-DC blocking cap 

C23-IF amp decoupling cap and DC block for L3 which prevents the 
upsetting of the DC biasing on Pin 14 

C24-provides DC block for L5 which prevents the upsetting of the 
DC biasing on Pin 20 

C25-IF limiter decoupling capacitor 

C26-part of the tapped-C network for FLT1 

C27-part of the tapped-C network for FLT1 

C28-part of the tapped-C network for FLT1 

C29-part of the tapped-C network for FLT1 
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R9- used to convert the current into the RSSI voltage R16-used to kill some of the IF signal for stability purposes 
R10-converts the audio current to a voltage R17-used in conjunction with R16 for a matching network for FLT2 
R11- converts the data current to a voltage 
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Figure 3. NE/SA605/625 SO Demo-Board Layouts (Not Actual Size) 
L1- part of the tapped-C network to match the front-end mixer C32- peak detector charge capacitor 
L2- part of the tapped-C network to match the front-end mixer D1- diode to stabilize the bias current 
L3- part of the tapped-C network to match the input of FLT2 Q1- Philips BF579 PNP transistor 
L4- part of the tapped-C network to match the input of FLT1 IFT 1-part of the quad tank circuit 


BOP DEMO nie ap ped C Be lnc ie mate ere MURDER TI There are minor differences between Figures 1 and 2. The RF and 


RSSI Extender Circuit . LO tapped-C component values are changed to accommodate for 

R18-provides bias regulation, the gain will stay constant over the different RF and LO test frequencies (RF=240MHz and 45MHz 
varying Voc . and LO = 229.3MHz and 55.7MHz). The other difference is the 

R19-for biasing, buffer RF DC voltage value of R20. This resistor value was changed to optimize the RSSI 

R20-provides the DC bias, RSSI gain (when R20 increases, RSS| curve’s linearity (see RSSI extender section in this application note 
gain decreases for further details). 

C30-DC blocking capacitor which connects the ceramic filter’s The recommended NE/SA605/625 layout is shown in Figure 3. This 


outpui to the PNP transistor’s input 
C31-decoupling capacitor, and should be removed for measuring 
RSS! systems speed 


layout can be integrated with other systems. 
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Figures 4 through 7 show the performance graphs for the NE/SA605 
& NE/SA625 at 240MHz and 45MHz RFF inputs. There was no real 
noticeable difference in performance between a NE/SA605 or 
NE/SA625 except for AM rejection. The NE/SA605 appears to have 
a little better AM rejection, but from the end user’s point of view, 
there is no difference between the receiver. All the other 
measurements were perfect, including SINAD. 
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Figure 4. NE/SA625 SO Performance Graphs at 240MHz 





fea | 


= 


’ 
z 


| fan Res (a8) 


- 


Res ames 


de 
ol 


—55 45 ~35 —25 


re See ee ee Ce eS ee: 

- -1- - -,- - pM - - eer eer ele 
ne Se 

seo eS. oe es ee HE ee ee ee, ee oe ees 


i 


~10 


-50 -40 -30 -20 





RF Input 

The NE/SA605/625 board is set up to receive an RF input of 
240MHz (see Figure 1). This is achieved by implementing a 
tapped-C network. The deviation should be set to +70kHz to 
achieve -110dBm to -112dBm for -12dB SINAD. However, the 
deviation can be increased to +100kHz, depending on the bandwidth 
of the IF filter and the Q of the quad tank. 
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Figure 5. NE/SA625 SO Performance Graphs at 45MHz 
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Because we wanted to test the board at 45MHz, we changed the 
values of the tapped-C network for the RF and LO ports (see Figure 
2). We found that a -116dBm to -118dBm for -12dB SINAD could 
be achieved. With these results, we were pretty 


close to achieving performance similar to our standard 455kHz IF 
board. 


A designer can also make similar RF and LO component changes if 
he/she needs to evaluate the board at a different RF frequency. /t 
should be noted that if a designer purchases a stuffed 
NE/SA605/625 demo-board from Philips Semiconductors its set up 
will be for an RF input frequency of 240MHz. AN1994 will aid the 
designer in calculating the tapped-C values for other desired 
frequencies, while AN1995 will be of value for making S11 bench 
measurements. Just remember that the input impedance will differ 
for different RF frequencies. 


LO Input 

The LO frequency should be 229.3MHz for the RF = 240MHz 
demo-board and have a drive level of -10dBm to OdBm (this also 
applies for the RF = 45MHz and LO = 55.7MHz). The drive level is 
important to achieve maximum conversion gain. The LO input also 
has a matched tapped-C network for efficiency purposes which 
makes for good RF practices. 


If a designer wanted to change the matching network to inject a 
different LO frequency, he/she could follow the steps in AN1994 and 
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Figure 6. NE/SA605SO Performance Graphs at 240MHz 


513 


-50 





















—45 —35 


-40 -30 





assume that the input impedance is around 10kQ for low frequency 
inputs. The main goal is to get maximum voltage transfer from the 
signal generator to the inductor. 


An external oscillator circuit was used to provide greater flexibility in 
choosing different RF and LO frequencies; however, an on-board 
oscillator can be used with the NE/SA605/625. New high frequency 
fundamental crystals, now entering the market, can also be used for 
high LO frequency requirements. Most receiver systems, however, 
will use a synthesizer to drive the LO port. 


10.7MHz Ceramic Filters 

The input and output impedance of the 10.7MHz ceramic IF filters 
are 330Q. The NE/SA605/625’s input and output impedances are 
roughly 1.5KQ. Therefore, a matching circuit had to be implemented 
to obtain maximum voltage transfer. Tapped-C networks were used 
to match the filters input and output impedance. 


But in this case, we decided to go with non-tuning elements to 
reduce set-up time. Figure 8 shows the values chosen for the 
network. 


Although our total deviation is 140kHz, we used 280kHz IF 
bandwidth filters to maximize for fast RSSI speed. The SINAD 
performance difference between using 180kHz BW filter versus 
280kHz BS filter was insignificant. 
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Figure 7. NE/SA605 SO Performance Graphs at 45MHz 



























































To 
FROM IF AMP 
MIXER INPUT 
(PIN 20) C26 ak FLT1 C29 (PIN18) 
47pF — 47pF L4 
8: 2M 10.7MHz 8.2uH 
CERAMIC -——® 
C27 FILTER _|. C28 
47pF —— 47pF C23 
[ | 0.1LF 
Z = 3302 Z = 3302 
Sy, gE 
TAPPED-C NETWORK TAPPED-C NETWORK 
IF LIMITER IN 
(PIN14) 
FLT2 C19 
R17 == 47pF L3 
FROM IF AMP OUT 10.7MHz Seu 
(PIN 16) CERAMIC 
C22 FILTER _|. C20 
0.1uF —— 47pF C23 
| -1F 
Figure 8. Matching Configuration for FLT1 and FLT2 
Stabilizing the IF Section From Regeneration 2. Since the tapped-C inductors for FLT1 and FLT2 are not 
Because the gain in the IF section is 100dB and the wavelength for shielded, it is important not to place them too close to one 
10.7MHz is small, the hardest design phase of this project was to another. Magnetic coupling will occur and may increase the 
stabilize the IF section. probability of regeneration. 
The steps below show the methods used to obtain a stable layout. 3. It was also found that if the IF limiter bypass capacitors do not 
ae at have the same physical ground, the stability worsens. Referring 
1. The total IF section (IF amp ang limiter) gain is 100dB which to Figure 1, the IF limiter bypass capacitors (C17, C25) are 
makes it difficult to stabilize the chip at 10.7MHz. Therefore, a connected to assure a common ground. 
120Q (R16 of Figure 1) resistor was used to kill some of the IF ed , 
gain to obtain a stable system. (NOTE: Expect AM rejection 4. The positioning of ground feedthroughs are vital. A designer 
performance to degrade as you decrease the IF gain externally.) should put feedthroughs near the IF bypass capacitors ground 
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points. In addition, feedthroughs are needed underneath the 
chip. Other strategic locations are important for feedthroughs 
where insufficient grounding occurs. 


5. Shielding should be used after the best possible stability is 
achieved. The NE/SA605/625 demo-board is stable, so 
shielding was not used. However, if put into a bigger system, 


shielding should be used to keep out unwanted RF frequencies. 


As a special note, if a good shield is used, it can increase the 
R16 resistor value such that there is less IF gain to kill to 
achieve stability. This means the RSSI dynamic range is 
improved. So if a designer does not want to implement the 
RSSI extender circuit, but is still concerned with SINAD and 
RSSI range, he/she can experiment with R16 and shielding 
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RSSI EXTENDER COMPONENT LIST AND EXPLANATION 
R18-provides bias regulation, the gain will stay constant over varying Vcc 
R19-for biasing, buffer RF DC voltage 
R20—provides the DC bias, RSS! gain (when R20 increases, RSSI gain decreases 
C30-DC blocking capacitor which connects the ceramic filter’s output to 

the PNP transistor’s Input 
C31-de-coupling capacitor 
C32-peak detector charge capacitor 
D1—diode to prevent improper current flow 
Q1-Philips BF579 PNP transistor 





Figure 10. External RSSI Extender Circuit 


RSSI Dynamic Range 

There are two main factors which determine the RSSI dynamic 
range. These two factors are 1.) how stable is the board, and 2.) 
how much gain is killed externally. If the board is unstable, a high 
RSSI voltage reading will occur at the Sottom end of the curve. If 
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because there is a correlation between them (see RSS| 
extender section in this application note for more information). 
In addition, AM rejection performance will improve due to the 
greater availability of the total IF gain. 


The key to stabilizing the IF section is to kill the gain. This was done 
with a resistor (R16 in Figure 8) to ground. All the other methods 
mentioned above are secondary compared to this step. Lowering 
the value of this resistor reduces the gain and the increasing resistor 
value kills less gain. For our particular layout, 120Q was chosen to 
obtain a stable board, but we were careful not to kill too much gain. 
One of the downfalls of killing too much gain is that the SINAD 
reading will become worse and the RSSI dynamic range is reduced. 





IF GAIN 
DECREASING 








STRONG 





too much gain is taken away, the upper half of the curve is flattened. 
Thus the dynamic range can be affected. Figure 9 shows how the 
linear range can be decreased under the conditions mentioned 
above. 


It is important to choose the appropriate resistor to kill enough gain 
to get stability but not too much gain to affect the upper RSSI curve 
dynamic range. Because we had to kill some IF gain to achieve 
good board stability and good SINAD readings, our RSSI overall 
dynamic range was reduced on the upper end of the curve. 


Because SINAD and the RSSI dynamic range are two important 
parameters for most of our customers, we decided to add an "RSSI 
extender’ modification to the board to get the best of both worlds. 
Together with the RSSI external modification and the ’stability 
resistor’, we can now achieve excellent SINAD readings and 
maintain a wide RSSI dynamic range. 


RSSI Extender Circuit 

The RSSI extender circuit increases the upper dynamic range 
roughly about 20-30aB for the 240MHz demo-board. The 
NE/SA605/625 demo-board has 90-100dB of linear dynamic range 
when the RSSI modification is used. 


Referring to Figure 10, one can see that one transistor is used witha 
few external components. The IF input signal to the PNP transistor 
is tapped after the ceramic filter to ensure a clean IF signal. The 
circuit then senses the strength of the signal and converts it to 
current, which is then summed together with the RSSI output of the 
chip. 
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The PNP transistor stage has to be biased as a class B amplifier. 
The circuit provides two functions. It is a DC amplifier and an RF 
detector. The gain of the RSSI extender can be controlled by R20 
and RQ (Gain = R9/R20). Adjusting R20 is preferable because it 
controls the upper half of the RSSI curve, whereas adjusting R9 
shifts the whole RSSI curve. 


If a different RF frequency is supplied to the mixer input, it is 
important to set the external RSSI gain accordingly. When the RF 
input was changed from 240MHz to 45MHz, the Conversion gain of 
the mixer increased. Therefore, the earlier gain settings for the 
RSSI extender was too much. A lower gain setting had to be 
implemented such that a smoother transition would occur. 


Quad Tank -- 


The quad tank is tuned for 10.7MHz (F=1/27 (iC ). Figure 1 shows 
the values used (C14,C15, C16, IFT1) and Figure 11 shows the 
S-curve. The linear portion of the S-curve is roughly 200kHz. 
Therefore, it is a good circuit for a total deviation of 140kHz. It is 
possible to deviate at 200KHz, but this does not leave much room 
for part tolerances. 


If more deviation is needed, a designer can lower the S-curve with a 
parallel resistor connected to the quadrature tank. A designer 
should play with different value resistors and plot the S-curve to pick 
the best value for the design. To key in on the resistor value with 
minimum effort, a designer can put a potentiometer in parallel with 
the quad tank and tune it for best distortion. Then the designer can 
use fixed value resistors that are close to the potentiometer’s value. 


Fixed quad tank component values can be used to eliminate tuning, 
but a designer must allow for part tolerances and temperature 
considerations. For better performance over temperature, a 
resonator/discriminator can be used. Thus, no tuning is required for 
the quad tank section, which wili save on production costs. 
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Figure 11. 10.7MHz Quad Tank S-Curve 











RSSI System Speed 
The RSSI rise and fall times are important in applications that use 
pulsed RF in their design. The way we define the speed is how fast 
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the RSSI voltage can travel up and down the RSSI curve. Figure 12 
shows a representation of this. Five different pulsed RF levels were 
tested to get a good representation of the RSSI speed. One can 
predict that the stronger the pulsed signal, the higher the RSSI 
voltage and the longer it will take for the fall time to occur. Generally 
speaking, the rise time is determined by how long it takes to charge 
up an internal capacitor. The fall time depends on how long it takes 
to discharge this capacitor. 





RSSI (V) 





-80 -60 -40 -20 0 
RF LEVEL (dBm) 





Figure 12. RSSI Cuve with Pulsed RF Levels 





It is also important to understand that there are two types of RSSI 
speeds. The first type is the RSSI chip speed and the second is the 
RSSI system speed. The RSSI chip speed will be faster than the 
system speed. The bandwidth of the external filters and other 
external parts can slow down the RSSI system speed dramatically. 


Figure 13 shows the bench set up for the RSSI system speed 
measurements. The pulsed RF was set for 10kHz and and the 
RSSI output was monitored with a digital oscilloscope. Figure 14 
shows how the rise and fall times were measured on the 
oscilloscope. ios 


The modifications done on the NE/SA625 board are shown in Figure 
15. The RSSI caps C11 and C31 were eliminated, and the RSSI 
resistor values were changed. We wanted to see how much time 
was saved by using a smaller RSSI resisior value. 


The RSSI system speed for the 240MHz NE/SA625 demo board is 
shown in Figure 16. Again, the only modification was that the RSSI 
caps (C11 and C31) were taken out and the RSSI resistor value 
(R9) was varied. For different RF levels, the speed seems to vary 
slightly, but this is expected. The higher the RSSI voltage, the 
longer it will take to come back down the RSSI curve for the fall 
time. 


Looking more closely at Figure 16, one can note that the OdBm input 
level has a faster fall time than the -20dBm level. This occurs 
because of the limited dynamic range of the test equipment. The 
equipment does not have sufficient on/off range, so at OdBm the ‘off’ 
mode is actually still on. Therefore, you don’t get a true reading. 


At OdBm the RSSI voltage is lower than -20dBm. The reason why 
this happens is because the RSS] linearity range stops at -10dBm. 
When the PF input drive is too high (e.g., OdBm), the mixer 
conversion gain decreases, which causes the RSSI voltage to drop. 
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Figure 13. RSSI Speed Set-Up 





QUESTION AND ANSWER SECTION 
Q. What should the audio level at Pin 8 be? 


A. 


The audio level is at 580mVp.-p looking directly at the audio 
output pin and does not include a C-message filter. However, 
the audio output level will depend on two factors: the ’Q” of the 
quadrature tank and the deviation used. The higher the quad 
tanks ”Q”, the larger the audio level. Additionally, the more 
deviation applied, the larger the audio output. But the audio 
output will be limited to a certain point. 


. Am | required to use the 10uF supply capacitor? 


. No, asmaller value can be used. The 10uF capacitor is a 


suggested value for evaluation purposes. Most of the time a 
power supply is used to evaluate our demo boards. If the supply 
is noisy, it will degrade the receiver performance. We have 
found that a lower value capacitor can be used when the receiver 
is powered by a battery. But it is probably safer to stay ata 
reasonable capacitor size. 


. Can | use different IF filters for my required bandwidth 


specifications? 


. Yes, you can order different IF filters with different bandwidths. 


Some of the standard manufacturers have 180kHz, 230kHz, and 
280kHz bandwidths for 10.7MHz ceramic filters. Just be sure 
that the quad tank “S-curve’ is linear for your required bandwidth. 
The NE/SA605/625 demo-board has a 200kHz linearity for the 
quad tank. So +70kHz deviation is perfect. 


We have also found that even though the IF filter’s bandwidth 
might be more than our requirements, it does not really degrade 
overall receiver performance. But to follow good engineering 
practices, a designer should order filters that are closest to their 
requirements. Going with wider bandwidth filters will give you 
better RSSI system speed. 


. | want to use part of your demo board for my digital receiver 


project. Can you recommend a good 10.7MHz filter with 
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accurate 10.7MHz center frequency which can provide minimum 
phase delay? 


A. At the present time, | only know of one manufacturer that is 
working on a filter to meet digital receiver requirements. Murata 
has a surface mount 10.7MHz filter. The number is FX-6502 
(SFECA 10.7). It was specifically designed for Japanese digital 
cordless phones. You.can adapt these filters to our 
NE/SA605/625 demo board. 


We also used these filters in our layout and got similar SINAD 
and RSSI system speed performance compared to the standard 
10.7MHz filters (280KHz BW). | believe the difference between 
the filters will be apparent for digital demodulation schemes. 


Q. If the system RSSI time is dependent on the external 
components used, like the IF filters, then what is the difference in 
using the NE/SA605 vs the NE/SA625? 


A. The difference comes in the fall time for high IF frequencies. You 
are correct that for IFs like 455kHz, there is probably little delta 
difference because the filter’s bandwidth prohibits the speed 
dramatically. However, for 10.7MHz IFs, there will be a 
difference in the fall time between the chips because the 
bandwidths are much wider. Therefore, the chips will play a role 
in the RSSI system speed. The chip difference in RSSI speed 
will depend on your overall system configuration. 


Q. Why does the AM rejection performance look better on the 
~ NE/SA605, 455kHz IF board than the NE/SA605/625 10.7MHz 
IF demo-board? 


A. For the 455kHz IF demo-board there is more IF gain available 
compared to the 10.7MHz IF board. Recall that for the 10.7MHz 
IF board, some of the IF gain was killed externally for stability 
reasons. Since the IF gain helps improve AM rejection 
performance, by killing IF gain, AM rejection is decreased. 
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Q. The NE/SA605/625 10.7MHz IF demo-board is made for the SO making microsecond measurements, lab set-up is of utmost 
package. Can | use your SSOP package and expect the same importance. Also, make sure the RSSI caps (C11 and C31) are 
level of performance? removed from the circuit. 

A. We have not done a SSOP layout yet. But if the same Also be sure that the bandwidth of your IF filters is not slowing 
techniques are used, | am sure the SSOP package will work. down the RSSI system speed (Cf: section on RSSI system 
The SA626 demo-board will be done in SSOP, and probably be speed). 
avalave neue: Q. | am going to use your design in my NTT cordless digital phone. 

Q. | tried to duplicate your RSSI system reading measurements Can you recommend a 240.05MHz filter? 
using your demo-board and | get slower times. What am | doing 


A. Murata SX-4896 (SAMAFC 240.05) is a filter you can use for 


wrong? ee 
your application. 


A. The RSSI system speed measurements are very tricky. Make 
sure your cable lengths are not too long. | have found that when 
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Figure 14. Oscilloscope Display of RSSI System Rise and Fall Time 
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-20dBm = — 
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Figure 15. NE/SA625 RSSI Test Circuit Configuration 


R9 = 10kQ, 
51kQ, 
or 100kQ 
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RSSI=10kQ RISE _ 


RSSI = 10kQ FALL 
sa RSSI=51kKQRISE . - 


RSS! = 51kQ FALL 
RSS! = 100kQ RISE - - 
RSSI = 100kQ FALL 


TIME (microseconds) 





RF INPUT (dBm) 
Figure 16. RSSI Systems Rise and Fall Time with Different RSSI Resistor Values 
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Low-voltage high performance mixer FM IF system SA606 


DESCRIPTION 

The SA606 is a low-voltage high performance monolithic FM IF 
system incorporating a mixer/oscillator, two limiting intermediate 
frequency amplifiers, quadrature detector, logarithmic received 
signal strength indicator (RSSI), voltage regulator and audio and 
RSSI op amps. The SA606 is available in 20-lead dual-in-line 
plastic, 20-lead SOL (surface-mounted small outline large package) 
and 20-lead SSOP (shrink small outline package). 


The SA606 was designed for portable communication applications 
and will function down to 2.7V. The RF section is similar to the 
famous NE605. The audio and RSS! outputs have amplifiers with 
access to the feedback path. This enabies the designer to level 
adjust the outputs or add filtering. 


FEATURES 

@ Low power consumption: 3.5mA typical at 3V 
® Mixer input to >150MHz 

® Mixer conversion power gain of 17dB at 45MHz 


® XTAL oscillator effective to 150MHz (L.C. oscillator or external 
oscillator can be used at higher frequencies) 


® 102dB of IF Amp/Limiter gain 
®@ 2MHZ limiter small signal bandwidth 


® Temperature compensated logarithmic Received Signal Strength 
Indicator (RSSI) with a 90dB dynamic range 


@ Low external component count; suitable for crystal/ceramic/LC 
filters 


® Excellent sensitivity: 0.31pV into 502 matching network for 12dB 
SINAD (Signal to Noise and Distortion ratio) for 1kKHz tone with RF 
at 45MHz and IF at 455kHz 


® SA606 meets cellular radio specifications 
® Audio output internal op amp 
® RSSI output internal op amp 


@ Internal op amps with rail-to-rail outputs 


ORDERING INFORMATION 





DESCRIPTION 
20-Pin Plastic Dual In-Line Package (DIP) 
20-Pin Plastic Small Outline Large (SOL) package (Surface-mount) 







ABSOLUTE MAXIMUM RATINGS 





Single supply voltage 










D package 
DK package 
N package 


a Thermal impedance 
6 
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PIN CONFIGURATION 
D, DK and N Packages 








RF IN+ MIXER OUT 
RF IN- DECOUPLING IF AMP DECOUPLING 
OSCouT IF AMP IN 
OSCyy| 4 | IF AMP DECOUPLING 
RSSI IF AMP OUT 
Vcc |g | GND 
AUDIO FEEDBACK LIMITER IN 


LIMITER DECOUPLING 






RSSI FEEDBACK 9 | LIMITER DECOUPLING 


QUADRATURE IN LIMITER OUT 














20-Pin Plastic Shrink Small Outline Package (SSOP) (Surface-mount 


cc 
Storage temperature range -65 to +150 
Operating ambient temperature range -40 to +85 

JA 








® ESD protection: Human Body Model 2kV 
Robot Model 200V 


APPLICATIONS 


® Portable cellular radio FM IF 

® Cordless phones 

® Wireless systems 

© FF level meter 

@ Spectrum analyzer 

® Instrumentation 

© FSK and ASK data receivers 

® Log amps 

® Portable high performance communication receiver 


® Single conversion VHF receivers 


TEMPERATURE RANGE ORDERCODE | DWG# | 
-40 to +85°C SA6O6N 0408B 
-40 to +85°C SA606D 0172D 


-40 to +85°C 


SA606DK 1563 





_ SYMBOL PARAMETER | RATING =~=——s|_—sUUNNITS 


; pw 
°C/W 
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BLOCK DIAGRAM 
























































DC ELECTRICAL CHARACTERISTICS 


Voc = +8V, Ta = 25°C; unless otherwise stated. 


LIMITS 
YMBOL PARAMETER TEST CONDITION NIT. 
dra ae ee] UMTS 


Power supply volage range Tar [| 70 |v 
[Tog | BC current ran es 


AC ELECTRICAL CHARACTERISTICS 

Ta = 25°C; Voc = +3V, unless otherwise stated. RF frequency = 45MHz + 14.5dBV RF input step-up; IF frequency = 455kHz; R17 = 2.4kQ 
and R18 = 3.3kQ; RF level = -45dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with de-emphasis filter and C-message 
weighted filter. Test circuit Figure 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical 
characterristics. The limits do not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of 


the listed parameters. 
LIMITS anne 
Min TYP | (MAX 












SYMBOL PARAMETER TEST CONDITIONS 








Mixer/Osc section (ext LO = 220mVprws) 


Crystal oscillator frequency 

ie a ———— 

a Third-order input intercept point (502 f1 = 45.0; f2 = 45.06MHz 
source) Input RF level = -52dBm 





Conversion voltage gain Matched 14.5dBV step-up 


[so2soureeSSSC~dSC:*C~*”d 
RF input resistance Single-ended input es. | 


| RF input capacitance 


Mixer output resistance (Pin 20) 125-15 || 


x 


wo 
© 
aS 
>) 
zo) 






= 


IF section 


eee Hl 
IF amp gain 50Q source aa tel 
Limiter gain | 1 50Q source aa oe ee 
Input limiting -8dB, Riza = 2.4k, Ry7p=3.3k |TestatPin18 ff -t09 [| dBm 
= a eae 


AM rejection | 80% AM 1kHz 
Audio level Gain of two (2kQ AC load) 
SINAD sensitivity | IF level -110dBm 
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AC ELECTRICAL CHARACTERISTICS (Continued) 





Signal-to-noise ratio 


RF RSSI output, Rg = 2kQ 





THD 
—— 
[rsstaccurasy 
4 
ss 
eee 
ae 
4 


RFAF section (int LO) 





System SINAD sensitivity 





CIRCUIT DESCRIPTION 

The SA606 is an IF signal processing system suitable for second IF 
systems with input frequency as high as 150MHz. The bandwidth of 
the IF amplifier and limiter is at least 2MHz with 90dB of gain. The 
gain/bandwidth distribution is optimized for 455kHz, 1.5kKQ source 
applications. The overall system is well-suited to battery operation 
as well as high performance and high quality products of all types. 


The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 6.2dB, conversion gain of 
17dB, and input third-order intercept of -9dBm. The oscillator will 
operate in excess of 200MHz in L/C tank configurations. Hartley or 
Colpitts circuits can be used up to 100MHz for xtal configurations. 
Butler oscillators are recommended for xtal configurations up to 
150MHz. 


The output impedance of the mixer is a 1.5kQ resistor permitting 
direct connection to a 455kHz ceramic filter. The input resistance of 
the limiting IF amplifiers is also 1.5kQ. With most 455kHz ceramic 
filters and many crystal filters, no impedance matching network is 
necessary. The IF amplifier has 43dB of gain and 5.5MHz 
bandwidth. The IF limiter has 60dB of gain and 4.5MHz bandwidth. 
To achieve optimum linearity of the log signal strength indicator, 
there must be a 12dB(v) insertion loss between the first and second 
IF stages. If the IF filter or interstage network does not cause 
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SYMBOL PARAMETER TEST CONDITIONS 


[THO _[Totaiharmonicdisorion 
estange SSCS 
__ ——— 


FF input impedance 


| =| Audio level 3V = Voc, RF level = -27dBm 
| | System RSSI output 3V = Vcc, RF level = -27dBm 
fey RF level = -117dBm 
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SA606 


LIMITS 






=| 
E 
U 


-50 


o>) 
Nh 


1.1 
1.8 


-35 
.70 
1.20 

+1.5 
1.3 
1.3 


Se Se 
wl on] ao] oo 


130 





120 


—/| NM 
NM] po 





12dB(v) insertion loss, a fixed or variable resistor or an L pad for 
simultaneous loss and impedance matching can be added between 
the first IF output (Pin 16) and the interstage network. The overall 
gain will then be 90dB with 2MHz bandwidth. 


The signal from the second limiting amplifier goes to a Gilbert cell 
quadrature detector. One port of the Gilbert cell is internally driven 
by the IF. The other output of the IF is AC-coupled to a tuned 
quadrature network. This signal, which now has a 90° phase 
relationship to the internatsignal, drives the other port of the 
multiplier cell. 


The demodulated output of the quadrature drives an internal op 
amp. This op amp can be configured as a unity gain buffer, or for 
simultaneous gain, filtering, and 2nd-order temperature 
compensation if needed. It can drive an AC load as low as 5kQ with 
a rail-to-rail output. 


A log signal strength completes the circuitry. The output range is 
greater than 90dB and is temperature compensated. This log signal 
strength indicator exceeds the criteria for AMPs or TACs cellular 
telephone. This signal drives an internal op amp. The op amp is 
capable of rail-to-rail output. It can be used for gain, filtering, or 
2nd-order temperature compensation of the RSSI, if needed. 


NOTE: dB(v) = 20log Vout/Vin 
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-25dB, -10dB, 
1500/502 PAD 50/500 PAD 





OSCILLATOR 


No) Ga 








Swi 

































C1 
C2 
C5 
C6 
C7 
C8 
C9 
C10 
C12 
C14 
C15 
C17 
C18 
C21 
C23 
C25 
C26 
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MINI-CIRCUIT ZSC2-1B 


-29dB, 
929/502 PAD 









-10 








.6dB, 
50/500 PAD 
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-36dB, 
156k/500 PAD 
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REG 
Gd 


RO R11 
i co R10 


AUDIO 
eye 


R13 








swit 


C12 R14 
Ri2 


Se 


DEEMPHASIS 
FILTER 


”C” WEIGHTED 
AUDIO 
MEASUREMENT 
CIRCUIT 


AUDIO 


SWw10 





R19 
IFT1 $ 16k 











—=- C14 


a 








Automatic Test Circuit Component List 


100pF NPO Ceramic 

390pF NPO Ceramic 

100nF +10% Monolithic Ceramic 

22pF NPO Ceramic 

inF Ceramic 

10.0pF NPO Ceramic 

100nF +10% Monolithic Ceramic 

10.F Tantalum (minimum) * 

2.2UF 

100nF +10% Monolithic Ceramic 

10pF NPO Ceramic 

100nF +10% Monolithic Ceramic 

100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 


*NOTE: This value can be reduced when a battery is the power source. 


Figure 1. SA606 45MHz Test Circuit (Relays as shown) 


C27 
Fit 1 
Fit 2 
IFT 1 
Li 
L2 


X1 

R9 
R10 
R11 
R12 
R13 
Ri4 
R17 
R18 
R19 


2.2uUF +10% Monolithic Ceramic 
Ceramic Filter Murata SFG455A3 or equiv 
Ceramic Filter Murata SFG455A3 or equiv 
455kHz (Ce = 180pF) Toko RMC-—2A6597H 
147—160nH Coilcraft UNI-10/142-04J08S 
0.8:H nominal 

Toko 292CNS-T1038Z 
44.545MHz Crystal I1CM4712701 
2kQ +1% 1/4W Metal Film 
10kQ +1% 
10kQ +1% 
2kQ +1% 
20kQ +1% 
10kQ +1% 
2.4kQ +5% 1/4W Carbon Composition 
3.3kQ 
16kQ 
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=< =4 
= €23 C21 FLT2 C18 «C17 


al mil = o 
or 45] 14] [is 












































° ° 


RSSI Vv 
OUTPUT ce 


NE606D/DK Demo Board 
Application Component List 


C1 51pF NPO Ceramic C23. 100nF +10% Monolithic Ceramic 
C2 220pF NPO Ceramic C26 = 100nF +10% Monolithic Ceramic 
C5 100nF +10% Monolithic Ceramic C27 = 2.2uF Tantalum 
C6 5-30pF trim cap Fit1 Ceramic Filter Murata SFG455A3 or equiv 
C7 1nF Ceramic Filt2 Ceramic Filter Murata SFG455A3 or equiv 
C8 10.0pF NPO Ceramic IFT 1 = 330:H TOKO 303LN-1130 
C9 100nF +10% Monolithic Ceramic Li = .33uH TOKO SCB-1320Z 
C10 10,F Tantalum (minimum) * L2 = 1.2uH 
C12 2.2uF +10% Tantalum Xi 44.545MHz Crystal ICM4712701 
C14 100nF +10% Monolithic Ceramic R5 Not Used in Application Board (see Note 8, pg 8) 
C15 10pF NPO Ceramic 8.2k +5% 1/4W Carbon Composition 
C17 100nF +10% Monolithic Ceramic 10k +5% 1/4W Carbon Composition 
C18 100nF +10% Monolithic Ceramic 2.4k +5% 1/4W Carbon Composition 


C19 390pF +10% Monolithic Ceramic 3.3k +5% 1/4W Carbon Composition 
C21. = 100nF +10% Monolithic Ceramic 11k +5% 1/4W Carbon Composition 


* NOTE: This value can be reduced when a battery is the power source. 


Figure 2. SA606 45MHz Application Circuit 
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RF GENERATOR 


NE606 DEMO BOARD 
RSSI_ AUDIO 
O) C) 





45MHz 
















DE-EMPHASIS 
FILTER 








DC VOLTMETER 





C-—MESSAGE 





HP339A DISTORTION 
ANALYZER 









Figure 3. SA606 Application Circuit Test Set Up 


NOTES: 


1. 


Ore 


C-message: The C-message and de-emphasis filter combination has a peak gain of 10 for accurate measurements. Without the gain, the 
measurements may be affected by the noise of the scope and HP339 analyzer. The de-emphasis filter has a fixed -6dB/Octave slope 
between 300Hz and 3kHz. 

Ceramic filters: The ceramic filters can be 30kKHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or 
16kHz CFU455Ds, also made by Murata (they come in black). All of our specifications and testing are done with the more wideband filter. 
RF generator: Set your RF generator at 45.000MHz, use a 1kHz modulation frequency and a 6kHz deviation if you use 16kHz filters, or 
8kHz if you use 30kHz filters. 

Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.35uV or -116dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

RSSI: The smallest RSSI voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 
design. If the lowest RSSI voltage is 500mV or higher, it means the receiver is in regenerative mode. In that case, the receiver sensitivity 
will be worse than expected. 

Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10-15uF or higher value tantalum 
capacitor on the supply line is essential. A low frequency ESR screening test on this capacitor will ensure consistent good sensitivity in 
production. A 0.1uF bypass capacitor on the supply pin, and grounded near the 44.545MHz oscillator improves sensitivity by 2-3dB. 

R5 can be used to bias the oscillator transistor at a higher current for operation above 45MHz. Recommended value is 10kQ. 
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Temperature (°C) 


Figure 5. Third Order Intercept Point vs Supply Voltage 
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TEMPERATURE (°C) 
Figure 6. Mixer Noise Figure vs Supply Voltage 
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TEMPERATURE (°C) 
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Figure 9. Sensitivity vs RF Level (-40°C) 
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Figure 11. Sensitivity vs RF Level (Temperature 85°C) 
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Figure 12. Relative Audio Level, Distortion, AM Rejection and Noise vs Temperature 
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Figure 14. RSSI vs RF Level and Temperature - Vcc = 3V 
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Figure 16. SA606N DIP Product Board Layout (Actual Size* — For Reference Use Only) 
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Figure 17. SA606D SOL Product Board Layout (2X Actual Size* — For Reference Use Only) 
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DESCRIPTION 

The SA616 is a low-voltage high performance monolithic FM IF 
system incorporating a mixer/oscillator, two limiting intermediate 
frequency amplifiers, quadrature detector, logarithmic received 
signal strength indicator (RSSI), voltage regulator and audio and 
RSSI op amps. The SA616 is available in 20-lead dual-in-line 
plastic, 20-lead SOL (surface-mounted small outline large package) 
and 20-lead SSOP (shrink small outline package). 


The SA616 was designed for portable communication applications 
and will function down to 2.7V. The RF section is similar to the 
famous NE615. The audio and RSS! outputs have amplifiers with 
access to the feedback path. This enables the designer to adjust 
the output levels or-add filtering. 


FEATURES 

@ Low power consumption: 3.5mA typical at 3V 
® Mixer input to >150MHz 

@ Mixer conversion power gain of 17dB at 45MHz 


® XTAL oscillator effective to 150MHz (L.C. oscillator or external 
oscillator can be used at higher frequencies) . 


® 102dB of IF Amp/Limiter gain 
® 2MHz IF amp/imiter small signal bandwidth 


® Temperature compensated logarithmic Received Signal Strength 
Indicator (RSSI) with a 80dB dynamic range 


@ Low external component count; suitable for crystal/ceramic/LC 
filters 


@ Excellent sensitivity: 0.381uV into 50Q matching network for 12dB 
SINAD (Signal to Noise and Distortion ratio) for 1kKHz tone with RF 
at 45MHz and IF at 455kHz 


® SA616 meets cellular radio specifications 
® Audio output internal op amp 

® RSSI output internal op amp 

® Internal op amps with rail-to-rail outputs 


® ESD protection: Human Body Model 2kV 
Robot Model 200V 


ORDERING INFORMATION 






DESCRIPTION 
20-Pin Plastic Dual In-Line Package (DIP) 
20-Pin Plastic Small Outline Large (SOL) package (Surface-mount) 
20-Pin Plastic Shrink Small Outline Package (SSOP) ( 








ABSOLUTE MAXIMUM RATINGS 








D package 
DK package 
N package _ 


Voc 
Ta 

Thermal impedance 
Qua 
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TEMPERATURE RANGE | ORDERCODE | DWG# | 
“40 to +85°C SAGI6N 0408B 


-40 to +85°C SA616D | 01 72D 
-40 to +85°C SA616DK 1563 














Surface-mount) 





SYMBOL PARAMETER 
| Veo Single supply voltage 
Storage temperature range 


| Ta _| Operating ambient temperature range -40 to +85 P= SG | 
p cow 





PIN CONFIGURATION 





D, DK and N Packages 






RF IN+| 1 | 


RF IN- DECOUPLING 2 


20 | MIXER OUT 
19 iF AMP DECOUPLING 


oscoyT | 3 | 18 | IF AMP IN 
Oscyn | 4 | IF AMP DECOUPLING 
RSSI OUT] 5 | 116 | 1F AMP OUT - 


Vec [6 145] GND 


AUDIO FEEDBACK | 7 | 14] LIMITER IN 








AUDIO OUT | 8 | 13 | LIMITER DECOUPLING 


RSSI FEEDBACK | 9 | 12 | LIMITER DECOUPLING ,. 


QUADRATURE IN |10 | 11 | LIMITER OUT 








APPLICATIONS 


® Portable cellular radio FM IF 

® Cordless phones 

® Wireless systems 

@ RF level meter 

@ Spectrum analyzer 

® Instrumentation 

® FSK and ASK data receivers 

® Log amps | 

® Portable high performance communication receiver 


® Single conversion VHF receivers 
















| RATING UNITS 


7 





-65 to +150 | 
90 
117 
75 


853-1676 11649 
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DC ELECTRICAL CHARACTERISTICS 
Veco = +3V, Ta = 25°C; unless otherwise stated. 


LIMITS 
TEST CONDITION UNIT 


[Ves _[Powersuppyvotagerange——SSC~iSCSSCSC“‘SC‘“‘“‘<;<;7<Sdt er 
[og [BC currentarain 8 80 









AC ELECTRICAL CHARACTERISTICS 

Ta = 25°C; Voc = +8V, unless otherwise stated. RF frequency = 45MHz + 14.5dBV RF input step-up; IF frequency = 455kHz; R17 = 2.4kQ 
and R18 = 3.3kQ; RF level = -45dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with de-emphasis filter and C-message 
weighted filter. Test circuit Figure 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical 
characterristics. The limits do not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of 
the listed parameters. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS [MIN | TYP | MAX UNITS 


Mixer/Osc section (ext LO = 220mMVpys) 


[fn [InputsignaltrequensySSOSCiCOSCSC“‘“SCSCSCSCSC~“CSsSSSCdSC Sd 
[Tose [Crystal oscllatortrequency——SSCiSSSSSCSCSCSCSCSSd tie 
[—_[Noisefigueataevne SSC SCC SSC‘ or 


Third-order input intercept point (50Q f1 = 45.0; f2 = 45.06MHz 
source) Input RF level = -52dBm 
Conversion power gain Matched 14.5dBV step-up 1 


RF input resistance Single-ended input 
RF input capacitance oe eee 
THD 


IF amp gain 50Q source 


Limiter gain 
Input limiting -3dB, R474 = 2.4k, Ri7p = 3.3k | Test at Pin 18 


- 1 
Mixer output resistance (Pin 20) | 1.25 
AM rejection | 80% AM 1kHz | 


| =| Audio level | Gain of two (2kQ AC load) 


SINAD sensitivity IF level -110dBm 


Total harmonic distortion __ 
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SYMBOL 





PARAMETER 








RSSI range | 


RFAF section (int LO) 
Audio level 





CIRCUIT DESCRIPTION 

The SA616 is an IF signal processing system suitable for second IF 
systems with input frequency as high as 150MHz. The bandwidth of 
the IF amplifier and limiter is at least 2MHz with 90dB of gain. The 
gain/bandwidth distribution is optimized for 455kHz, 1.5kQ source 
applications. The overall system is well-suited to battery operation 
as well as high performance and high quality products of all types. 


The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 6.2dB, conversion gain of 
17dB, and input third-order intercept of -9dBm. The oscillator will 
operate in excess of 200MHz in L/C tank configurations. Hartley or 
Colpitts circuits can be used up to 100MHz for xtal configurations. 
Butler oscillators are recommended for xtal configurations up to 
150MHz. 


The output impedance of the mixer is a 1.5kQ resistor permitting 
direct connection to a 455kHz ceramic filter. The input resistance of 
the limiting IF amplifiers is also 1.5kQ. With most 455kHz ceramic 
filters and many crystal filters, no impedance matching network is 
necessary. The IF amplifier has 43dB of gain and 5.5MHz 
bandwidth. The IF limiter has 60dB of gain and 4.5MHz bandwidth. 
To achieve optimum linearity of the log signal strength indicator, 
there must be a 12dB(v) insertion loss between the first and second 
IF stages. If the IF filter or interstage network does not cause 
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TEST CONDITIONS 


Signal-to-noise ratio No modulation for noise 


RF RSSI output, Rg = 2kQ 


RE level = -118dBm | 
AF level = 686m 


RF level = -23dBm 


7] i 
[frsstaccuey SCS SCS 
[[Finputimpedancs——SSC~—~—S—P BSCS 
[__[iFoutputimpedancs————S—S—S~S~ PTS 

[_[Uniterinputimpedance «iPS | 
[_liiteroutputimpedancs. sin —SSCSC~—SSSSSSSSSCT. Sid? os | Cd 
[[liriteroutputvotage————SSSC—~s SSCS TS 80 


3V = Vcc, RF level = -27dBm 


| «| System RSSI output 3V = Vcc, RF level = -27dBm 
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ei, aeor | 20 | | omVams_ | 
ae ee ee ee 


System SINAD sensitivity | RF level = -117dBm Pf 12 BC 


12dB(v) insertion loss, a fixed or variable resistor or an L pad for 
simultaneous loss and impedance matching can be added between 
the first IF output (Pin 16) and the interstage network. The overall 
gain will then be 90dB with 2MHz bandwidth. 


The signal from the second limiting amplifier goes to a Gilbert cell 
quadrature detector. One port of the Gilbert cell is internally driven 
by the IF. The other output of the IF is AC-coupled to a tuned 
quadrature network. This signal, which now has a 90° phase 
relationship to the internal signal, drives the other port of the 
multiplier cell. 


The demodulated output of the quadrature drives an internal op 
amp. This op amp can be configured as a unity gain buffer, or for 
simultaneous gain, filtering, and 2nd-order temperature 
compensation if needed. It can drive an AC load as low as 5kQ with 
a rail-to-rail output. 


A log signal strength completes the circuitry. The output range is 
greater than 90dB and is temperature compensated. This log signal 
strength indicator exceeds the criteria for AMPs or TACs cellular 
telephone. This signal drives an internal op amp. The op amp is 
capable of rail-to-rail output. It can be used for gain, filtering, or 
2nd-order temperature compensation of the RSSI, if needed. 


NOTE: dB(v) = 20log Voyt/Vin 
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-25cB, -10dB, -29dB, -10.6dB, -36d0B, 
1500/50a PAD 50/502 PAD 929/500 PAD 50/5002 PAD 156k/50a PAD 





96.5 51.5 96.5 
“iy C22 = = C19 
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LT1» SW8 cS SW6 SW5 
3 C21 FLT2 C18 C17 
Uma pepe 
z 18 te] [15] 44) [43] 42) ft 








aT Tal TT Tal Te UT aT Talo 
R13 









64 swt SW3e SW4 R9 Te : do “ns 
swi0 
c27 | = 
= R12 
= R19 
FILTER 
"C” WEIGHTED food 
AUDIO 
: 
= = = AUDIO => = 
MINI-CIRCUIT ZSC2-1B iad 
Automatic Test Circuit Component List 
C1 100pF NPO Ceramic C27 = 100nF +10% Monolithic Ceramic 
C2 390pF NPO Ceramic Fit1 Ceramic Filter Murata SFG455A3 or equiv 
C5 100nF +10% Monolithic Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv 
C6 22pF NPO Ceramic IFT 1 455kHz (Ce = 180pF) Toko RMC-2A6597H 
C7 i1nF Ceramic . L1 147-—160nH Coilcraft UNI-—10/142-04J08S 
C8 10.0pF NPO Ceramic L2 0.8.H nominal 
C9 100nF +10% Monolithic Ceramic Toko 292CNS-—T1038Z 
C10 15,F Tantalum (minimum) X1  44.545MHz Crystal ICM4712701 
C12 2.2uF RQ 2kQ +1% 1/4W Metal Film 
C14 100nF +10% Monolithic Ceramic R10 8.2kQ 41% 
C15 10pF NPO Ceramic R14 10kQ +1% 
C17 100nF +10% Monolithic Ceramic R12 2kQ+1% 
C18 100nF +10% Monolithic Ceramic R13 20kQ.+1% 
C21 100nF +10% Monolithic Ceramic R14 10kQ +1% 
C23 100nF +10% Monolithic Ceramic R17 = 2.4kQ +5% 1/4W Carbon Composition 
C25 100nF +10% Monolithic Ceramic R18 = 3.3kQ 
C26 100nF +10% Monolithic Ceramic R19 16kQ 


Figure 1. SA616 45MHz Test Circuit (Relays as shown) 
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51pF NPO Ceramic 

220pF NPO Ceramic | 

100nF +10% Monolithic Ceramic 
30pF trim cap 

1nF Ceramic 

10.0pF NPO Ceramic . 
100nF +10% Monolithic Cerami 
15,F Tantalum (minimum) 

2.2uUF +10% Tantalum 

100nF +10% Monolithic Ceramic 
10pF NPO Ceramic 

100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 


390pF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 


cg 








° 


RSSI 
OUTPUT 











Voc 


NE616D/DK Demoboard 
Application Component List 


C23 
C26 
C27 
Fit 1 
Fit 2 
IFT 1 
L1 
L2 
x1 
R5 


100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 
2.2uF Tantalum 
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Ceramic Filter Murata SFG455A3 or equiv 
Ceramic Filter Murata SFG455A3 or equiv 


330.H TOKO 303LN-1130. 
.3duH TOKO SCB-1320Z 

1.2uH 

44.545MHz Crystal ICM4712701 


Not Used in Application Board (see Note 8, pg 8) 


8.2k +5% 1/4W Carbon Composition 
10k +5% 1/4W Carbon Composition 
2.4k +5% 1/4W Carbon Composition 
3.3k +5% 1/4W Carbon Composition 
11k +5% 1/4W Carbon Composition 


Figure 2. SA616 45MHz Application Circuit 


542 





Philips Semiconductors RF Communications Products Product specification 





Low-voltage high performance mixer FM IF system SA616 













RF GENERATOR 
45MHz 







NE616 DEMO BOARD 
RSSI_ AUDIO 
O O) 








Vec (+3) 


DE-EMPHASIS 


C—MESSAGE 


HP339A DISTORTION 
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Figure 3. SA616 Application Circuit Test Set Up 


NOTES: 


1. 


oN 


C-message: The C-message and de-emphasis filter combination has a peak gain of 10 for accurate measurements. Without the gain, the 
measurements may be affected by the noise of the scope and HP339 analyzer. The de-emphasis filter has a fixed -6dB/Octave slope 
between 300Hz and 3kHz. 

Ceramic filters: The ceramic filters can be 30kKHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or 
16kHz CFU455Ds, also made by Murata (they come in black). All of our specifications and testing are done with the more wideband filter. 
RF generator: Set your RF generator at 45.000MHz, use a 1kHz modulation frequency and a 6kHz deviation if you use 16kHz filters, or 
8kHz if you use 30kHz filters. 

Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.35yV or -116dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

RSSI: The smallest RSSI voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 
design. If the lowest RSSI voltage is 500mV or higher, it means the receiver is in regenerative mdde. In that case, the receiver sensitivity 
will be worse than expected. 

Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10-15uF or higher value tantalum 
capacitor on the supply line is essential. A low frequency ESR screening test on this capacitor will ensure consistent good sensitivity in 
production. A 0.1uF bypass capacitor on the supply pin, and grounded near the 44.545MHz oscillator improves sensitivity by 2-3dB. 

R5 can be used to bias the oscillator transistor at a higher current for operation above 45MHz. Recommended value is 22kQ, but should not 
be below 10kQ. 
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Figure 4. Icc vs Temperature 
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Figure 5. Third Order Intercept Point vs Supply Voltage 
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Figure 6. Mixer Noise Figure vs Supply Voltage 

















(ap) NIV NOISYSANO9D 


TEMPERATURE (°C) 


Figure 7. Conversion Gain vs Supply Voltage 
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Figure 9. Sensitivity vs RF Level (-40°C) 
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Figure 10. Sensitivity vs RF Level (+25°C) 
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Figure 12. Relative Audio Level, Distortion, AM Rejection and Noise vs Temperature 
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Figure 16. SA616N DIP Product Board Layout (Actual Size* — For Reference Use Only) 
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DESCRIPTION 

The SA607 is a low voltage high performance monolithic FM IF 
system incorporating a mixer/oscillator, two limiting intermediate 
frequency amplifiers, quadrature detector, logarithmic received 
signal strength indicator (RSSI), voltage regulator and audio and 
RSSI op amps. The SA607 is available in 20-lead dual-in-line 
plastic, 20-lead SOL (surface-mounted miniature package) and 
20-lead SSOP package. 


The SA607 was designed for portable communication applications 
and will function down to 2.7V. The RF section is similar to the 
famous NE605. The audio output has an internal amplifier with the 
feedback pin accessible. The RSSI output is buffered. The SAG07 
also has an extra limiter.output. This signal is buffered from the 
output of the limiter and can be used to perform frequency check. 
This is accomplished by comparing a reference frequency with the 
frequency check signal using a comparator to a varactor or PLL at 
the oscillator inputs. 


FEATURES 

@ Low power consumption: 3.5mA typical at 3V 
@ Mixer input to >150MHz 

® Mixer conversion power gain of 17dB at 45MHz 


® XTAL oscillator effective to 150MHz (L.C. oscillator or external 
oscillator can be used at higher frequencies) 


® 102dB of IF Amp/Limiter gain 
@ 2MHz limiter small signal bandwidth 


© Temperature compensated logarithmic Received Signal Strength 
Indicator (RSSI) with a 90dB dynamic range 


@ Low external component count; suitable for crystal/ceramic/LC 
filters 


® Excellent sensitivity: 0.31uV into 50Q matching network for 12dB 
SINAD (Signal to Noise and Distortion ratio) for 1kKHz tone, 8KHz 
deviation with RF at 45MHz and IF at 455kHz 


@ SA607 meets cellular radio specifications 
® Audio output internal op amp 


® RSSI output internal op amp 


ORDERING INFORMATION 
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DESCRIPTION TEMPERATURE RANGE ORDER CODE | DWG# | 
20-Pin Plastic Dual In-Line Package (DIP) -40 to +85°C SA607N 0408B 


-40 to +85°C SA607D 0172D 
20-Pin Plastic Shirnk Small Outline Package (SSOP) (Surface-mount) -40 to +85°C SA607DK 1563 


20-Pin Plastic Small Outline Large (SOL) package (Surface-mount) 


PIN CONFIGURATION 
D, DK and N Packages 
















'20| MIXER OUT 
[79] IF AMP DECOUPLING 


48] IF AMP IN 

IF AMP DECOUPLING 
rssi | 5 | 16 | iF AMP OUT 

Vcc 6 115] GND 


14 LIMITER IN 
43 | LIMITER DECOUPLING 


FREQ CHECKILIM OUT (-)| 9 | 42] LIMITER DECOUPLING 


QUADRATURE IN | 10] 11] Lim ouT(+) 








® Buffered frequency check output 
® Internal op amps with rail-to-rail outputs 


® ESD protection: Human Body Model 2kV 
Robot Model 200V 


APPLICATIONS 


® Portable cellular radio FM IF 

® Cordless phones 

® Narrow band cellular applications (NAMPS/NTACS) 
© RF level meter 

®@ Spectrum analyzer - 

® Instrumentation 

® FSK and ASK data receivers 

® Log amps 

® Portable high performance communication receivers 
® Single conversion VHF receivers 


® Wireless systems 
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BLOCK DIAGRAM 




















ABSOLUTE MAXIMUM RATINGS 


TsTG Storage temperature range —65 to +150 


Ta Operating ambient temperature range SA607 —40 to +85 


UNITS 


Thermal impedance D package 90 
Oya DK package 
N package 





DC ELECTRICAL CHARACTERISTICS 
Veco = +3V, Ta = 25°C; unless otherwise stated. 


SYMBOL PARAMETER TEST CONDITIONS 


Power supply voltage range 


Vec 
DC current drain 
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AC ELECTRICAL CHARACTERISTICS 

Ta = 25°C; Voc = +8V, unless otherwise stated. RF frequency = 45MHz + 14.5dBV RF input step-up; IF frequency = 455kHz; R17 = 2.4k; R18 
= 3.3k; RF level = -45dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with de-emphasis filter and C-message weighted 
filter. Test circuit 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical characterristics. The 
limits do not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of the listed parameters. 


LIMITS . 
SYMBOL PARAMETER 


| SA607 UNITS 
Mixer/Osc section (ext LO = 220mMVpys) 








TEST CONDITIONS 


| min [ Typ [| MAX 




















Pty ['nputsignalfrequency SSCS SSSC*di;C SO CTSC,SOM 
[tose [Crystal oscilatortrequency | SCY SSSC*d «CdSe 
[[Nowsefigueataemnz dT SCCSCSC™C~—“—sSCSsYTSSC‘z CT SCOTS CS”! 
Third—order input intercept point (50Q f1 = 45.0; f2 = 45.06MHz pf ey dBm 
source) Input RF Level = -52dBm 
Conversion power gain [Matched 14.5q6V step-up —«Y fan | 7 | 195 | om 
sonsourcs CC TT 
[RFinputresistance ——=~=~S~C~*~«idSingle~endedinput_———=SSSCSC*~*=~‘iS=C“‘(Y_ #~C|~~Cd| =O 
ee 
[Mixer outputresistance———SSSS=C«i PND) =SSCSC~*~“‘“*CSTSCSPStwS SPSCC“‘i(USCADCS’ 
[iiFampgain—SSSC~*~“~*~‘~*~*~*sdOCNSC“‘“‘CON’NCN#N#W¥SSCOWN#C#C#é«g]:«‘S!C«’“$NL N.«s@B_C*d 
PT itimitergain —SSSCSC*~*~*~si SOS? SSSSCSC*~“‘“‘*SC*C*dSCOC‘“SSOW@®:—‘<@EC(C‘C‘*R:SC‘C@®Cd 
[| !nputiimiing sdb, Riv=2ak —=idTestatPin’@® SSC SSSC*dSC 09 «| SCC 
Pp [AMrejecton ——SSSCS*«*zOHSAM TRH SSSC~sC“‘CY!’CN’”=#O@SO™OCYSOB] CC 
[__[Audiotevel —————_—« anf to (2k AC Toa 
| «| SINAD sensitivity RF level -110dB haha hm a 
[THD [Totalharmonicdistonion | SS TCSCSC~sC HSC YSSC*dtCiaC*S 
Signal-to-noise ratio [Nomodulationfornoise ——=Ss«dT ~SSCdT | «|S 
IF RSSI output, Rg = 2ka! IF level = —118dBm | 03 | 08 | Vo. 
Flevel = -68d8m 
iF level = ~23dBm 
[_[rssirengeSSC~—“—s—C—*—s—C—‘LSC‘“‘CSSTTSTCTCTCTCTCTC«*dTC~*drY (CCC 
RSSlaccuracySSC~—~—‘iTSCSSCSC™C~CSCSST SCdT | CdY 
[iFinputimpedance ——CdESCCSC™~C—ssCSCSCS | Sts OT CTO 
[__[iFoutputimpedanee—CdTSCCCCCSC™CSCSCSCSCSCST SSCL CCT CC 
[__[Limiterinputimpedance——SSCsPSCCSCSC*~“‘“‘;*S™*™S™S*S~S~SCCCS | | 1 | CYC CY 
[Limiter outputimpedance sin tt) ~——SSSSCS~*~“—*~—*~S*S*S*S*—éiESSSCSC*dT = 0—«d| S| 
a 
|_| Frequency check/limiter outputimpedance |(Pin9) | 200 || | 
[ [rereaincnaiow [PO RISE [one 





RF/IF section (int LO) 


T___[Audiotevel ———SSCS~SS~S BV Vg RF Tavs =e iO —*dVa 
[system RSST output SV = Voc, RF level = 274m ee a 
[_Fystem SINAD sensiiviy [RF evel ==ti7aem_——Sid SS 2) Cd 
NOTE: . 


1. The generator source impedance is 50Q, but the SA607 input impedance at Pin 18 is 1500Q. As a result, IF level refers to the actual signal 
that enters the SA607 input (Pin 18) which is about 21dB less than the “available power” at the generator. 
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CIRCUIT DESCRIPTION 

The SA607 is an IF signal processing system suitable for second IF 
systems with input frequency as high as 150MHz. The bandwidth of 
the IF amplifier and limiter is at least 2MHz with 90dB of gain. The 
gain/bandwidth distribution is optimized for 455kHz, 1.5kQ source 
applications. The overall system is well-suited to battery operation 
as well as high performance and high quality products of all types. | 


The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 6.2dB, conversion gain of 
17dB, and input third-order intercept of -9dBm. The oscillator will 
operate in excess of 200MHz in L/C tank configurations. Hartley or 
Colpitts circuits can be used up to 100MHz for xtal configurations. 
Butler oscillators age recommended for xtal configurations up to 
150MHz. = 


The output impedance of the mixer is a 1.5kQ resistor permitting 
direct connection to a 455kHz ceramic filter. The input resistance of 
the limiting IF amplifiers is also 1.5kQ. With most 455kHz ceramic 
filters and many crystal filters, no impedance matching network is 
necessary. The IF amplifier has 43dB of gain and 5.5MHz 
bandwidth. The IF limiter has 60dB of gain and 4.5MHz bandwidth. 
To achieve optimum linearity of the log signal strength indicator, 
there must be a 12dB(v) insertion loss between the first and second 
IF stages. If the IF filter or interstage network does not cause 
12dB(v) insertion loss, a fixed or variable resistor or an L pad for 
simultaneous loss and impedance matching can be added between 
the first IF output (Pin 16) and the interstage network. The overall 
gain will then be 90dB with 2MHz bandwidth. 
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The signal from the second limiting amplifier goes to a Gilbert cell 
quadrature detector. One port of the Gilbert cell is internally driven 
by the IF. The other output of the IF is AC-coupled to a tuned 
quadrature network. This signal, which now has a 90° phase 
relationship to the internal signal, drives the other port of the 
multiplier cell. 7 


The demodulated output of the quadrature drives an internal op 
amp. This op amp can be configured as a unity gain buffer, or for 
simultaneous gain, filtering, and 2nd-order temperature 
compensation if needed. It can drive an AC load as low as 5kQ with 
a rail-to-rail output. 


A log signal strength completes the circuitry. The output range is 
greater than 90GB and is temperature compensated. This log signal 
strength indicator exceeds the criteria for AMPs or TACs cellular 
telephone. This signal is buffered through an internal unity gain op 
amp. The frequency check pin provides a buffered limiter output. 
This is useful for implementing an AFC (Automatic Frequency 
Check) function. This same output can also be used in conjunction 
with limiter cutput (Pin 11) for demodulating FSK (Frequency Shift 
Keying) data. Both pins are of the same amplitude, but 180° out of 
phase. 


NOTE: Limiter output or Frequency Check output has drive 
capability of a load minimum of 2kQ or higher to obtain 115mV 
output level. 


NOTE: dB(v) = 20log Vout/VIN 
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~25cB, -10cB, -29dB, -10.6dB, -36cB, 
1500/500 PAD 50/502 PAD 929/500 PAD 50/500 PAD 156k/5002 PAD 









































R19 


DEEMPHASIS" IFT1 16k 
FILTER ” 
































= C14 
O 
= = AUDIO cee => = 
MINI-CIRCUIT ZSC2-1B 
Automatic Test Circuit Component List 
C1 100pF NPO Ceramic C26 0.1. F +10% Monolithic Ceramic 


C2 390pF NPO Ceramic C27) 2.2uF : 
C5 100nF +10% Monolithic Ceramic Fit1 Ceramic Filter Murata SFG455A3 or equiv 


C6 22pF NPO Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv 
C7 inF Ceramic IFT 1 455kHz (Ce = 180pF) Toko RMC-2A6597H 
C8 10.0pF NPO Ceramic L1 147-160nH Coilcraft UNI-10/142-04J08S 


C9 100nF +10% Monolithic Ceramic L2 0.8.1 nominal 


C10 10uF Tantalum (minimum) * Toko 292CNS-T1038Z 
C12 2.2uF X1  44.545MHz Crystal ICM4712701 


C14 100nF +10% Monolithic Ceramic R9 -2kQ +1 el Metal Film 
C15 10pF NPO Ceramic R10 8.2kQ +1% 


ae ; R11. 10kQ +1% 
‘ + 
C17 100nF +10% Monolithic Ceramic R12. 2kQ+1% 





C18 100nF +10% Monolithic Ceramic R14. 5kQ 41% 

C21 = 100nF +10% Monolithic Ceramic R17 2.4kQ +5% 1/4W Carbon Composition 
C23 100nF +10% Monolithic Ceramic R18  3.3kQ +5% 1/4W Carbon Composition 
C25 = 100nF +10% Monolithic Ceramic R19 16kQ +5% 1/4W Carbon Composition 


*NOTE: This value can be reduced when a battery is the power source. 


Figure 1. SA607 45MHz Test Circuit (Relays as shown) 
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*NOTE: This value can be reduced when a battery is the power source. 
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C15 
4 
C18 
ei; T co i 
cs = C12 
R10 
c2 
CF C27 
C5 ‘iis 1 Rig | C19 
ak = 11k — 390pF 
T Jee |= 
INPUT = ¢6 =x Pa 
- C14 
RSSI_ Voc AUDIO FREQ = = 
OUTPUT CHECK 
SA607D/DK 
Application Component List 
C1 51pF NPO Ceramic C23. 100nF +10% Monolithic Ceramic 
C2 220pF NPO Ceramic C26 100nF +10% Monolithic Ceramic 
C5 100nF +10% Monolithic Ceramic C27) = 2.2uF Tantalum 
C6 5-30pF trim cap Fit1 Ceramic Filter Murata SFG455A3 or equiv 
C7 1nF Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv 
C8 10.0pF NPO Ceramic IFT 1 330,.H TOKO 303LN-1130 
C9 100nF +10% Monolithic Ceramic Li = .33uH TOKO SCB-1320Z 
C10 10,F Tantalum (minimum) * L2 1.2.H Coilcraft 1008C S-122 
C12 2.2uF +10% Tantalum X1  44.545MHz Crystal Hy-Q 
C14 100nF +10% Monolithic Ceramic R5 Not Used in Application Board (see Note 8, pg 8) 
C15 10pF NPO Ceramic R10 8.2k+5% 1/4W Carbon Composition 
€17 100nF +10% Monolithic Ceramic R11 10k +5% 1/4W Carbon Composition 
C18 100nF +10% Monolithic Ceramic R17 2.4k +5% 1/4W Carbon Composition 
C19 390pF +10% Monolithic Ceramic R18 3.3k+5% 1/4W Carbon Composition 


Figure 2. SA607 45MHz Application Circuit | 
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Figure 3. SA607 Application Circuit Test Set Up 











NOTES: 

1. C-message: The C-message and de-emphasis filter combination has a peak gain of 10 for accurate measurements. Without the gain, the 
measurements may be affected by the noise of the scope and HP339 analyzer. The de-emphasis filter has a fixed -6dB/Octave slope 
between 300Hz and 3kHz. 

2. Ceramic filters: The ceramic filters can be 30kKHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or 
16kHz CFU455Ds, also made by Murata (they come in black). All of our specifications and testing are done with the more wideband filter. 

3. RF generator: Set your RF generator at 45.000MHz, use a 1kKHz modulation frequency and a 6kHz deviation if you use 16kHz filters, or 

8kHz if you use 30kHz filters. 

Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.35nV or —116dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

RSSI: The smallest RSSI voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 

design. If the lowest RSSI voltage is 500mV or higher, it means the receiver is in regenerative mode. In that case, the receiver sensitivity 

will be worse than expected. 

7. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10-15uF or higher value tantalum 
capacitor on the supply line is essential. A low frequency ESR screening test on this capacitor will ensure consistent good sensitivity in 
production. A 0.ipF bypass capacitor on the supply pin, and grounded near the 44.545MHz oscillator improves sensitivity by 2-3dB. 

8. R5 can be used to bias the oscillator transistor at a higher current for operation above 45MHz. Recommended value is 22kQ, but should not 
be below 10kQ. 


OF 
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Figure 5. Third Order Intercept Point vs Supply Voltage 
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Figure 6. Mixer Noise Figure vs Supply Voltage 
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Figure 10. Sensitivity vs RF Level (+25°C) 
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Figure 11. Sensitivity vs RF Level (Temperature 85°C) 
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Figure 12. Relative Audio Level, Distortion, AM Rejection and Noise vs Temperature 
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Figure 13. RSSI (455kHz IF @ 3V) 
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Figure 14. RSSI vs RF Level and Temperature - Vcc = 3V 
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Figure 15. Audio Output vs Temperature 
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DESCRIPTION PIN CONFIGURATION 
The SA617 is a low voltage high performance monolithic FM IF 
system incorporating a mixer/oscillator, two limiting intermediate 
frequency amplifiers, quadrature detector, logarithmic received 





D, DK and N Packages 






signal strength indicator (RSSI), voltage regulator and audio and RF IN+ [20 | MIXER OUT 
RSSI op amps. The SA617 is available in 20-lead dual-in-line RF IN- DECOUPLING 3 19 | IF AMP DECOUPLING 
plastic, 20-lead SOL (surface-mounted miniature package) and 
osc 
20-lead SSOP package. out | 3 | 18 | iF AMP IN 







: Se te ty oscyy | 4 IF AMP DECOUPLING 
The SA617 was designed for portable communication applications 


and will function down to 2.7V. The RF section is similar to the RSSI OUT | 5 IF AMP OUT 
famous NE605. The audio output has an internal amplifier with the Voc 6 | GND 
feedback pin accessible. The RSSI output is buffered. The SA617 
also has an extra kmiter output. This signal is buffered from the 
output of the limiter and can be used to perform frequency check. AUDIO OUT Le 
This is accomplished by comparing a reference frequency with the 
frequency check signal using a comparator to a varactor or PLL at 
the oscillator inputs. QUADRATURE IN| 10 


AUDIO FEEDBACK 114] LIMITER IN 







LIMITER DECOUPLING 
FREQ CHECKILIM OUT (-)| 9 }12 | LIMITER DECOUPLING 
44] LIM OUT (+) 











FEATURES 


; ® Internal op amps with rail-to-rail outputs 
® Low power consumption: 3.5mA typical at 3V 


®@ ESD protection: Human Body Model 2kV 


® Mixer input to >150MHz Robot Model 200V 
® Mixer conversion power gain of 17dB at 45MHz 
® XTAL oscillator effective to 150MHz (L.C. oscillator or external APPLICATIONS 
oscillator can be used at higher frequencies) ® Portable cellular radio FM IF 
® 102dB of IF Amp/Limiter gain ® Cordless phones 
@ 2MHz IF amp/limiter small signal bandwidth ® Narrow band cellular applications (NAMPS/NTACS) 
® Temperature compensated logarithmic Received Signal Strength ® RF level meter 


Indicator (RSSI) with a 80dB dynamic range 
®@ Spectrum analyzer 


® Low external component count; suitable for crystal/ceramic/LC 
filters 


® Excellent sensitivity: 0.31pV into 50Q matching network for 12dB © FSK and ASK data receivers 
SINAD (Signal to Noise and Distortion ratio) for 1kKHz tone, 8kHz ® Log amps 
deviation with RF at 45MHz and IF at 455kHz 


® Instrumentation 


Ah Aas ® Portable high performance communication receivers 
® SA617 meets cellular radio specifications 


; ® Single conversion VHF receivers 
® Audio output internal op amp 


® Wireless systems 
® RSS! output internal op amp 


® Buffered frequency check output 


ORDERING INFORMATION 


DESCRIPTION © TEMPERATURE RANGE ORDER CODE | DWG# 
20-Pin Plastic Dual In-Line Package (DIP) -40 to +85°C SA617N 0408B 


20-Pin Plastic Small Outline Large (SOL) package (Surface-mount) -40 to +85°C SA617D 0172D 
20-Pin Plastic Shrink Small Outline Package (SSOP) (Surface-mount) -40 to +85°C SA617DK 1563 
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BLOCK DIAGRAM 


























ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNITS 
Single supply voltage | 7 V 
A 
A 


Storage temperature range —65 to +150 
Operating ambient temperature range SA617 —40 to +85 
90 
J 


Thermal impedance D package 
0 DK package °C/W 
N package 


DC ELECTRICAL CHARACTERISTICS 
Voc = +3V, Ta = 25°C; unless otherwise stated. 


_ LIMITS . 
SYMBOL PARAMETER TEST CONDITIONS SAG617 UNITS 
| MIN | TYP | MAX | 


a 
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AC ELECTRICAL CHARACTERISTICS 

Ta = 25°C; Vcc = +8V, unless otherwise stated. RF frequency = 45MHz + 14.5dBV RF input step-up; IF frequency = 455kHz; R17 = 2.4k; R18 
= 3.3k; RF level = -45dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with de-emphasis filter and C-message weighted 
filter. Test circuit 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical characterristics. The 
limits do not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of the listed parameters. 


LIMITS 
SYMBOL PARAMETER 


SA617 UNITS 
a section ext LO = 220MVpms) 


















TEST CONDITIONS 


| MIN, | TYP | MAX | 


[fin —[inputsignaltrequencey—SSC*dSSSSSOSCSCSCSSCSSSdSC CO 
[Tose | Grysial oscilatorfrequency ———SidESSSSSCSCSSS*dSC Si 
[| Noise igure at a5MH2 


eee einer jena (Gl (ie fem 
Pa 5a ee 
Soule). ou RE fever ~52dBm 

Conversion power gain [Matched t45BVstep-up_——=—s«|sSO | 7 =| |S 
C2 a (EE Sa 

[RFinputresistance ——~=~SCS*~S~rSngToendecpt_—Sd|SC | 
a SC 
[Mixer outputresistance SSCs) -SCSC~*~“‘“‘S*C*WdCSASCSYTCtwSSYSC«dS:=C‘iw Cid 


eee 
[__[iFampgain—S—S~=~—~S~S~S SOOT CC“‘“‘CONC#WCUSC(“‘#$SYCONMS’CSDS “$C 
[Timitergain SCS Sse’ ——SSCSC~—~‘“‘~*~—*~*~é‘“SC‘“‘“(!S CCC 
























[Finput iting 348, Ray = 2 FO = 
[__[awrrcjection _——SSCSC~S~s OAM SSCSC~—~isSC“‘“;RSCYSSC‘“(‘#S B® 


[Taudotever ———SS~S~S ain ovo 2A TOW «dC te | 
[| Sinabsensitviy———~«diFlewel-tiogsSSSC*~—“‘~‘“*srSC“‘;SSCSYSSC‘“(;RSC® 
[THD _[Totatharmoniodistorion iT SSCS OY as Cd 
[SIN [Signal-to-noiseratio__|Nomodulationfornawse_-| |e |_| «8 

IF ASST output, Ry = 2 Flevel=-11eem ——— || *dt os | 08 | 





[____[rssrenges SCS CCST |i 


[JrssiaccuraySSOS—SSSCSCSOSOSOSOOCCCC Cd eo id 
[iF inpatimpesanes ss a 
[___iFoutputimpedance SSCS SSCS |_| 03 
a 
[limiter outputimpedance—_-ifemm —~+i| +i 20 
Lod 






mn in No load 
Limiter output level 2 AkQ load 


Frequency Check/limiter output impedance (Pind) ss ti(isi‘s‘<‘zd:i‘(iCSs:stsC*Szr 


o = No load 
Frequency Check/limiter output level 2.4kQ load 


RF/F section (int LO) 


| | Audio level 3V = Voc, RF level = -27dBm a 
| «| System RSSI output 3V = Voc, RF level = -27dBm ae 
|__| System SINAD sensitivity RF level = -117dBm Lo 








NOTE: 
1. The generator source impedance is 50Q, but the SA617 input impedance at Pin 18 is 1500. As a result, IF level refers to the actual signal 
that enters the SA617 input (Pin 18) which is about 21dB less than the “available power’ at the generator. 


November 3, 1992 571 


Philips Semiconductors RF Communications Products 


Low-voltage high performance mixer FM IF system 


CIRCUIT DESCRIPTION 

The SA617 is an IF signal processing system suitable for second IF 
systems with input frequency as high as 150MHz. The bandwidth of 
the IF amplifier and limiter is at least 2MHz with 90cB of gain. The 
gain/bandwidth distribution is optimized for 455kHz, 1.5kQ source 
applications. The overall system is well-suited to battery operation 
as well as high performance and high quality products of all types. 


The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 6.2dB, cenversion gain of 
17dB, and input third-order intercept of -9dBm. The oscillator will 
operate in excess of 200MHz in L/C tank configurations. Hartley or 
Colpitts circuits can be used up to 100MHz for xtal configurations. 
Butler oscillators are recommended jor xtal configurations up to 
150MHz. = | 


The output impedance of the mixer is a 1.5kQ resistor permitting 
direct connection to a 455kHz ceramic filter. The input resistance of 
the limiting IF amplifiers is also 1.5kQ. With most 455kHz ceramic 
filters and many crystal filters, no impedance matching network is 
necessary. The IF amplifier has 43dB of gain and 5.5MHz _ 
bandwidth. The IF limiter has 60dB of gain and 4.5MHz bandwidth. 
To achieve optimum linearity of the log signal strength indicator, 
there must be a 12dB(v) insertion loss between the first and second 
IF stages. If the IF filter or interstage network does not cause 
12dB(v) insertion loss, a fixed or variable resistor or an L pad for 
simultaneous loss and impedance matching can be added between 
the first IF output (Pin 16) and the interstage network. The overall 
gain will then be 90dB with 2MHz bandwidth. 
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The signal from the second limiting amplifier goes to a Gilbert cell 
quadrature detector. One port of the Gilbert cell is internally driven 
by the IF. The other output of the IF is AC-coupled to a tuned 
quadrature network. This signal, which now has a 90° phase 
relationship to the internal signal, drives the other port of the 
multiplier cell. 


The demodulated output of the quadrature drives an internal op 
amp. This op amp can be configured as a unity gain buffer, or for 
simultaneous gain, filtering, and 2nd-order temperature 
compensation if needed. It can drive an AC load as low as 2kQ with 
a rail-to-rail output. 


A log signal strength completes the circuitry. The output range is 
greater than 90dB and is temperature compensated. This log signal 
strength indicator exceeds the criteria for AMPs or TACs cellular 
telephone. This signal is buffered through an internal unity gain op 
amp. The frequency check pin provides a buffered limiter output. 
This is useful for implementing an AFC (Automatic Frequency 
Check) function. This same output can also be used in conjunction 
with limiter output (Pin 11) for demodulating FSK (Frequency Shift 
Keying) data. Both pins are of the same amplitude, but 180° out of 
phase. . 


NOTE: Limiter output or Frequency Check output has drive 
capability of a load minimum of 2kQ or higher to obtain 115mV 
output level. 


NOTE: dB(v) = 20log VoutT/Vin 
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C1 
C2 
C5 
C6 
C7 
C8 
c9 
C10 
C12 
C14 
C15 
C17 
C18 
C21 
C23 
C25 


-25dB, -10dB, 
1500/502 PAD 50/500 PAD 





929/500 PAD 


~29dB, 

















MINI-CIRCUIT ZSC2-1B 












RSSI 


our ‘Cc 


-10.6dB, 
50/5002 PAD 
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-36cB, 
156k/500 PAD 








DEEMPHASIS | 
FILTER 


R19 
16k 


C14 


iK 


AUDIO 
OUT 


Automatic Test Circuit Component List 


100pF NPO Ceramic 

390pF NPO Ceramic 

100nF +10% Monolithic Ceramic 

22pF NPO Ceramic 

1nF Ceramic 

10.0pF NPO Ceramic 

100nF +10% Monolithic Ceramic 

15,F Tantalum (minimum) 

2.2UF . 

100nF +10% Monolithic Ceramic 

10pF NPO Ceramic 

100nF +10% Monolithic Ceramic 

100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 


100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 


C26 
C27 
Fit 1 
Fit 2 
IFT 1 
L1 
L2 


X1 

R9 
R10 
R11 
R12 
R14 
R17 
R18 
R19 


0.1u.F +10% Monolithic Ceramic 
2.2UF . 
Ceramic Filter Murata SFG455A3 or equiv 
Ceramic Filter Murata SFG455A3 or equiv 
455kHz (Ce = 180pF) Toko RMC—2A6597H 
147-—160nH Coilcraft UNI-10/142-04J08S 
3.3nH nominal 

Toko 292CNS-T1046Z 
44.545MHz Crystal ICM4712701 
2kQ +1% 1/4W Metal Film 
8.2kQ +1% 
10kQ +1% 
2kQ +1% 
10kQ +1% 
2.4kQ +5% 1/4W Carbon Composition 
3.3kQ +5% 1/4W Carbon Composition 
16kQ +5% 1/4W Carbon Composition 


Figure 1. SA617 45MHz Test Circuit (Relays as shown) 
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2.4k C15 
dy i 
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Cig C17 


































































































[| c19 
= 390pF 
° ° ° 
RSSI AUDIO FREQ => = 
OUTPUT vec CHECK 
SA617DK 
Application Component List 

C1A 18pF NPO Ceramic C23. 100nF +10% Monolithic Ceramic 

C1 33pF NPO Ceramic C26 100nF +10% Monolithic Ceramic 

C2 220pF NPO Ceramic C27) 2.2u.F Tantalum 

C5 100nF +10% Monolithic Ceramic Filt1 Ceramic Filter Murata SFG455A3 or equiv 

C6 30pF trim cap Fit2 Ceramic Filter Murata SFG455A3 or equiv 

C7 inF Ceramic IFT 1 330,H TOKO 303LN-1130 

C8 10.0pF NPO Ceramic L1 .33u4H TOKO SCB-1320Z 

C9 100nF +10% Monolithic Ceramic L2 = 1.2uH 
C10 15,F Tantalum (minimum) X1  44.545MHz Crystal ICM4712701 
C12 2.2uF +10% Tantalum R5 Not Used in Application Board (see Note 8, pg 8) 
C14 100nF +10% Monolithic Ceramic Ri0 8.2k +5% 1/4W Carbon Composition 
C15 10pF NPO Ceramic R11. 10k +5% 1/4W Carbon Composition 
C17 100nF +10% Monolithic Ceramic R17 2.4k +5% 1/4W Carbon Composition 
C19 390pF +10% Monolithic Ceramic R19 11k+5% 1/4W Carbon Composition 


C21 100nF +10% Monolithic Ceramic 


Figure 2. SA617 45MHz Application Circuit 


C18 100nF +10% Monolithic Ceramic R18 3.3k +5% 1/4W Carbon Composition 
| 
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RF GENERATOR 
45MHz 








NE617 DEMO BOARD 
RSSI_ AUDIO 
O) O) 











DE-EMPHASIS 


C-MESSAGE 


HP339A DISTORTION 
ANALYZER 





a 
r 
ITI 
w 





DC VOLTMETER 










Figure 3. SA617 Application Circuit Test Set Up 











NOTES: 

1. C-message: The C-message and de-emphasis filter combination has a peak gain of 10 for accurate measurements. Without the gain, the 
measurements may be affected by the noise of the scope and HP339 analyzer. The de-emphasis filter has a fixed -6dB/Octave slope be- 
tween 300Hz and 3kHz. 

2. Ceramic filters: The ceramic filters can be 30kKHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or 

16kHz CFU455Ds, also made by Murata (they come in black). All of our specifications and testing are done with the more wideband filter. 

RF generator: Set your RF generator at 45.000MHz, use a 1kHz modulation frequency and a 6kHz deviation if you use 16kHz filters, or 

8kHz if you use 30kHz filters. 

Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.35nV or —116dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

RSSI: The smallest RSSI voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 

design. If the lowest RSS! voltage is 500mV or higher, it means the receiver is in regenerative made. In that case, the receiver sensitivity 

will be worse than expected. 

7. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10-15uF or higher value tantalum 
capacitor on the supply line is essential. A low frequency ESR screening test on this capacitor will ensure consistent good sensitivity in pro- 
duction. A 0.1uF bypass capacitor on the supply pin, and grounded near the 44.545MHz oscillator improves sensitivity by 2-3dB. 

8. R5 can be used to bias the oscillator transistor at a higher current for operation above 45MHz. Recommended value is 22kQ, but should not 
be below 10kQ. 


o 


On 
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Figure 4. Icc vs Temperature 
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Figure 5. Third Order Intercept Point vs Supply Voltage 





576 


November 3, 1992 


Product specification 


Philips Semiconductors RF Communications Products 








SA617 














om» o2S » © 6 @& © 

So N Hh N GS NS mH A 

o oN é NS ~ 6 CG 
aYNDId ASION 


Low-voltage high performance mixer FM IF system 





TEMPERATURE (°C) 


Figure 6. Mixer Noise Figure vs Supply Voltage 
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Figure 7. Conversion Gain vs Supply Voltage 











577 


November 3, 1992 


Product specification 


Philips Semiconductors RF Communications Products 


SA617 


Low-voltage high performance mixer FM IF system 


34 








45MHz 
455kHz 


I 
i 
' 
' 
| 
t 
f 
t 
t 
1 
t 
{ 
$ 
i 
{ 
t 
| 
{ 
i] 
i 
i 
| 
! 
' 
( 
1 
! 
i 
5 
H 
a 
1 





RF 
IF 


—36 


= we =e be me em re i nf i er, Ce 


—46 


—80 
—66 


. (wap-) HAMOd LNdLNO ai 


*50Q INPUT 





RF* INPUT LEVEL (dBm) 
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Figure 10. Sensitivity vs RF Level (+25°C) 
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Figure 11. Sensitivity vs RF Level (Temperature 85°C) 





Product specification 





SA617 





























t 
AUDIO. ' é 
t 
1 A. Oo Ue a, See Weep ge oe Ft Ey Wie ee ae 
1 | et | t 
: 1 1 t 
jo oe a OS © ee | ey i ee fos a eG (<7 ye =< 
1 I | | 
Moora beeen a fs aes eat Ae ag fey ge So Oy cal OEE ee SOE «ee an Ae BN AN si ek te 
1 t | t 
'  Vec =3V 
Ses ee "RF = 45MHz ee od ga, 
, RFLEVEL =-45dBm 
aac T DEVIATION = +8kHz oe ee eee 
a ' AUDIO LEVEL = +117.6mVpaMs ; 
= SR ea ye Tara SoS St oe a ae coe ea ia [ae 
W 1 i ' 1 
ud t ' i 
= Bee ap ie Re ies See ene ee ic eae oe et St eS POS a teen et vt erie Saat fe ers eS ice ee 
lu ' ’ ' I! 
ae ie Sas Ae ee ny lo neuen Se A ks Elna Ey Seay Ride S eyes Pe Ae ease BS Gacgetl Sa oe tals Sahay as 
i 1 i) ( 
i 1 1 ! 
nde ee eye) SO eoe ns We Ee NS re OF Bo GE oe os 
1 1 1 t 
I t i 
Bre e.eieae Suse a (DISTORTION: Sci ceo saith Sr lo a tees 
' a an ' saer* 
i od ' vey eee ee @ 
nee. - ee ak Na eae oh a Sa at pa tae r-°- sae = bee os hn 
ma CEP oD ee awe © ! 
i AM REJECTION : 





} i i ‘ : NOISE ; : 
1 | 


i 


25 45 105 


TEMPERATURE (°C) 


65 85 
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Figure 13. RSSI (455kHz IF @ 3V) 














VOLTAGE (V) 





—125 ~115 -105 -95 -85 —75 —65 -55 45 -35 -25 
RF LEVEL (dBm) 





Figure 14. RSSI vs RF Level and Temperature - Vcc = 3V 














November 3, 1992 581 


Philips Semiconductors RF Communications Products Product specification 


Low-voltage high performance mixer FM IF system SA617 


5 25 45 65 


Figure 15. Audio Output vs Temperature 
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DESCRIPTION PIN CONFIGURATION 
The SA608 is a low voltage high performance monolithic FM IF D, DK and N Packages 
system incorporating a mixer/oscillator, two limiting intermediate 






frequency amplifiers, quadrature detector, logarithmic received | Es Ee 
signal strength indicator (RSSI), voltage regulator and audio and as MRE ONE 
RSSI op amps. The SA608 is available in 20-lead dual-in-line RF IN- DECOUPLING | 2 | 149 | IF AMP DECOUPLING 





plastic, 20-lead SOL (surface-mounted miniature package) and oscout | 3 | 
20-lead SSOP package. 
osciy [4 | 


The SA608 was designed for portable communication applications ae rs 
and will function down to 2.7V. The RF section is similar to the 






IF AMP DECOUPLING 






famous NE605. The audio output is buffered. The RSSI output has Vee | 

an internal amplifier with the feedback pin accessible. The SA608 AUDIO 4 ciMaITER IN 

also has an extra limiter output. This signal is buffered from the 

output of the limiféc and can be used to perform frequency check. RSSI FEEDBACK | 8 [13 | LIMITER DECOUPLING 





This is accomplished by comparing a reference frequency with the FREQ CHECKILIM OUT (-)| 9 | 12] LIMITER DECOUPLING 
frequency check signal using a comparator to a varactor or PLL at QUADRATURE IN [10] 11] LIMITER OUT (+) 
the oscillator inputs. 






FEATURES 


® Low power consumption: 3.5mA typical at 3V 





@ Internal op amps with rail-to-rail outputs 


® Mixer input to >150MHz 
® ion: 

® Mixer conversion power gain of 17dB at 45MHz Ear rotechon a Hence ie any 
® XTAL oscillator effective to 150MHz (L.C. oscillator or external 


oscillator can be used at higher frequencies) APPLICATIONS 
© 102dB of IF Amp/Limiter gain ® Portable cellular radio FM IF 


@ 2MHz limiter small signal bandwidth ® Cordless phones 


® Temperature compensated logarithmic Received Signal Strength ® Narrow band cellular applications (NAMPS/NTACS) 
Indicator (RSSI) with a 90dB dynamic range 


© FF level meter 
@ Low external component count; suitable for crystal/ceramic/LC 


filters ® Spectrum analyzer ~ 


® Excellent sensitivity: 0.31pV into 50Q matching network for 12dB ® Instrumentation 


SINAD (Signal to Noise and Distortion ratio) for 1KHz tone, 8kHz e . 
deviation with RF at 45MHz and IF at 455kHz ope gieos oneees 


e 
@ SA608 meets cellular radio specifications reg amps 


. Boa: 
© Audio output internal op amp Portable high performance communication receivers 


ea 
© RSS| output internal op amp Single conversion VHF receivers 


ean 
® Buffered frequency check output Wireless systems 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE | DWGH | 
20-Pin Plastic Dual In-Line Package (DIP) -40 to +85°C SA608N 0408B 
20-Pin Plastic Small Outline Large (SOL) package (Surface-mount) -40 to +85°C SA608D 0172D 





20-Pin Plastic Shrink Small Outline Package (SSOP) (Surface-mount) -40 to +85°C SA608DK 1563 
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BLOCK DIAGRAM 























ABSOLUTE MAXIMUM RATINGS 


SYMBOL . PARAMETER RATING UNITS 
7 V 


Vec Single supply voltage 


Tsta Storage temperature range ~65 to +150 
Ta Operating ambient temperature range SA608 —40 to +85 
9 


Thermal impedance D package 0 
OjA DK package ty °C/W: 
N package ee 


DC ELECTRICAL CHARACTERISTICS 
Voc = +8V, Ta = 25°C; unless otherwise stated. 


SYMBOL PARAMETER 


| Power supply voltage range 








Vcc 
DC current drain 
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AC ELECTRICAL CHARACTERISTICS 


Ta = 25°C; Voc = +3V, unless otherwise stated. RF frequency = 45MHz + 14.5dBV RF input step-up; IF frequency = 455kHz; R17 = 2.4k; R18 
= 3.3k; RF level = —-45dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with de-emphasis filter and C-message weighted 
filter. Test circuit 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical characterristics. The 
limits do not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of the listed parameters: 


LIMITS - 
SYMBOL | PARAMETER TEST CONDITIONS SA608 UNITS 
_ MIN, | TYP | MAX | 


Mixer/Osc section (ext LO = 220mMVpys) 


[fin [lnputsignalfequency Sd SCSCSCSC—CSSSSSCSC‘idS COSC 
[Tose [Crystal oscllatortrequency Sd SSS id 80 ide 
Raise gure at amr 


[ferences agama [Ts [ 

source) Input RE Level = —52dBm 

I sacks | 
oc aS LA 

[RFinputresistance ——=~=~S~S~*~*~*~«sdSngle~endecinpt’ —SSCSC~=~“‘*‘*é‘iSC‘“‘(C‘*LSONSC*C*SCO™#C‘dRSC“CWCd 

[RFinputcapactance CTS CSCSC~—~C~‘iSC‘L_ 3} | 40 (| 

[Mixer outputresistance———SSSSC«dIN)SSC~*~“‘“*é*wrCS SCPC STSC*dL“C“CiwCS 


[Fees OOOSOSOSOSOSOSOSOSCSCSCSC‘“CSCSCSCSSCSCSNSNN 
[—i[iFampgn——SC~“~‘“‘*~*~*~*~*~*SOMGNCNSC“C“‘“‘CONCNCN#O#“CdSDUCSN$U WN @ SD “C“‘sd$C 
[rimitergain———S—S~SC~S 80S’ ——SCOC~C~—“C—~—C—*~C—Cs~sSC‘zS TCC 
[inputting 28, Riv=2ax——SC~idTostat Pin tw’SCSC~CSCSSCSC~‘“dtC OY CC 
[[awieciecton——SSCSC~S~wRH AMIR SSC~=“*~“~*~sCSC‘“‘“w;SSSC*dSSC*dSC 
[[audioteve®@ SSS. SSCS CP sf co] 
[| SINAD senstiviy—S~S~S~— Fe roBCSC~“‘*~*~sCSC‘“‘“LSC*dSSOC*‘*RSCOB 
[76 [Tota remenicaoion aa 

ae a 


Signal—to—noise ratio No modulation for noise 
IF RSSI output, Rg = 2k! IF level = -118dBm Pe ne fie 08. OR. i A 





























IF level = -68dBm 






[assis OCS CCC. Cr CT 






ASST acurady a (NS (Se) ( ( 
[_[Fingutimpedancs——OOS—S—SPCCOCSC—CsSCSSSSSS St | Cr 
[_[iFoutputimpedancs SSCS SSSCSCSCSSSSSSSTCC‘ id ors [Od 
[[imiterinputimpedancs————OSOSC—SSCCOCSC“‘“S*S*~S~C“s*S*~*~s~é—‘ Cd 
[[Limiteroutputimpedanca———SS—CiCSC~C—sCCSCSCSC‘ YT SSCid?S | Cd 


no (Pin 11) no load 130 
SS Limiter output level 5kO load 415 mVrMs 


[| Freauenay checttim Cyoutputimpedance [ma SCS SSSC*dY;S( SCC 


Rieu 4 = = no load 130 
Lo Frequency check/lim (—) output level 5kQ load 115 mVpms 



















RF/F section (int LO) 

P_—(Auiolevel——SSSC~«*dr SV = Vg RF Tevel= 270 ce a 
[ [System RSSroutput——SS~*~*~*~«~d Vo level =—e7cwm «| =| ee | |S 
| (System SINAD sensitivity [RF level=-117dBm_ | CE | 
NOTE: 


1. The generator source impedance is 50Q, but the SA608 input impedance at Pin 18 is 1500Q. As a result, IF level refers to the actual signal 
that enters the SA608 input (Pin 18) which is about 21dB less than the “available power’ at the generator. 
2. By using 45kQ load across the Quad detector coil, you will have Audio output at 115mV with —42dB distortion. 
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CIRCUIT DESCRIPTION 

The SA608 is an IF signal processing system suitable for second IF 
systems with input frequency as high as 150MHz. The bandwidth of 
the IF amplifier and limiter is at least 2MHz with 90dB of gain. The 
gain/bandwidth distribution is optimized for 455kHz, 1.5kQ source 
applications. The overall system is well-suited to battery operation 
as well as high performance and high quality products of all types. 


The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 6.2dB, conversion gain of 
17dB, and input third-order intercept of -9dBm. The oscillator will 
operate in excess of 200MHz in L/C tank configurations. Hartley or 
Colpitts circuits can be used up to 100MHz for xtal configurations. 
Butler oscillators are recommended for xtal configurations up to 
150MHz. me 7 


The output impedance of the mixer is a 1.5kQ resistor permitting 
direct connection to a 455kHz ceramic filter. The input resistance of 
the limiting IF amplifiers is also 1.5kQ. With most 455kHz ceramic 
filters and many crystal filters, no impedance matching network is 
necessary. The IF amplifier has 43dB of gain and 5.5MHz 
bandwidth. The iF limiter has 60dB of gain and 4.5MHz bandwidth. 
To achieve optimum linearity of the log signal strength indicator, 
there must be a 12dB(v) insertion loss between the first and second 
IF stages. If the IF filter or interstage network does not cause 
12dB(v) insertion loss, a fixed or variable resistor or an L pad for 
simultaneous loss and impedance matching can be added between 
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the first IF output (Pin 16) and the interstage network. The overall 
gain will then be 90dB with 2MHz bandwidth. 


The signal from the second limiting amplifier goes to a Gilbert cell 
quadrature detector. One port of the Gilbert cell is internally driven 
by the IF. The other output of the IF is AC-coupled to a tuned 
quadrature network. This signal, which now has a 90° phase 
relationship to the internal signal, drives the other port of the 
multiplier cell. 


The demodulated output of the quadrature drives an internal op 
amp. This op amp is configured as a unity gain buffer. 


A log signal strength completes the circuitry. The output range is 
greater than 90dB and is temperature compensated. This log signal 
strength indicator exceeds the criteria for AMPs or TACs cellular 
telephone. This signal is buffered through an internal unity gain op 
amp. The frequency check pin provides a buffered limiter output. 
This is useful for implementing an AFC (Automatic Frequency — 
Check) function. This same output can also be used in conjunction 
with limiter output (Pin 11) for demodulating FSK (Frequency Shift 
Keying) data. Both pins are of the same amplitude, but 180° out of 
phase. 


NOTE: Limiter or Frequency Check output has drive capability of a 
5kQ minimum or higher in order to obtain 120MVpys output level. 


NOTE: dB(v) = 20log Vout/VINn 
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-25dB, -10dB, -~29dB, -10.6dB, -36dB, 
1500/500 PAD 50/502 PAD 929/500 PAD 50/500 PAD 156k/502 PAD 



























































QSCILLATO 












































R19 
1FT1 16k 


























oO 

















= Voc AUDIO Peck => += 
MINI-CIRCUIT ZSC2-1B 
Automatic Test Circuit Component List 
C1 100pF NPO Ceramic C26 0.1nF +10% Monolithic Ceramic 


C2 390pF NPO Ceramic C27) 2.2uF ; 
C5 100nF +10% Monolithic Ceramic Fit? Ceramic Filter Murata SFG455A3 or equiv 


C6 22pF NPO Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv 
C7 inF Ceramic IFT 1 455kHz (Ce = 180pF) Toko RMC-2A6597H 
C8 10.0pF NPO Ceramic L1 147-160nH Coilcraft UNI-10/142-04J08S 


C9 100nF +10% Monolithic Ceramic L2  0.8,H nominal 


C10 10.F Tantalum (minimum) * Toko 292CNS-T1038Z 
C12 2.2uF X1  44.545MHz Crystal 1CM4712701 


C14 100nF +10% Monolithic Ceramic RO 2kQ +1% 1/4W Metal Film 
R10 10k2+1% 


C15 10pF NPO Ceramic R11 10kQ 41% 

C17 100nF +10% Monolithic Ceramic Rid. 5kO 41% 

C18 100nF +10% Monolithic Ceramic R17 2.4kQ +5% 1/4W Carbon Composition 

C21 100nF +10% Monolithic Ceramic R18 3.3kQ 45% 1/4W Carbon Composition 
C23 100nF +10% Monolithic Ceramic R19 16kQ +5% 1/4W Carbon Composition 


C25 100nF +10% Monolithic Ceramic 


*NOTE: This vaiue can be reduced when a battery is the power source. 








Figure 1. SA607 45MHz Test Circuit (Relays as shown) 
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R17 C15 


a FLT1 | SW8 
































C7 
R19 C19 
C5 
me a3 ero 11k 390pF 
~ oss | Sax 
C14 
© O | 
RSSI_ Voc AUDIO FREQ = = 
OUTPUT OUT CHECK 


Product Board SA608D/DK Component List 


C1 51pF NPO Ceramic C25 100nF +10% Monolithic Ceramic 
C2 220pF NPO Ceramic C26 0.1,.F +10% Monolithic Ceramic 
C5 100nF +10% Monolithic Ceramic C27 = 2.2uF 
C6 5-30pF NPO Ceramic Fit1 Ceramic Filter Murata SFG455A3 or equiv 
C7. 1nF Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv 
C8 10.0pF NPO Ceramic IFT 1 330.H TOKO 303LN-1130 
C9 100nF +10% Monolithic Ceramic Li 0.33.H TOKO SCB-13202 
C10 10uF Tantalum (minimum) * L2 1.2uH Coilcraft 1008CS—122 
C12 2.2uF X1  44.545MHz Crystal Hy-Q 
C14 100nF +10% Monolithic Ceramic RO 2kQ +1% 1/4W Metal Film 
C15 10pF NPO Ceramic R10 8.2kO +1% 


at ; R11 10kQ2 41% 
: + 
C17 100nF +10% Monolithic Ceramic R14 10kQ2 41% 


C18 100nF +10% Monolithic Ceramic RITZ 2.4kQ 45% 1/4W Carbon Composition 
C19 390pF +10% Monolithic Ceramic R18  3.3kQ +5% 1/4W Carbon Composition 


C21 100nF +10% Monolithic Ceramic ° iti 
-€23  100nF +10% Monolithic Ceramic R19 16kQ +5% 1/4W Carbon Composition 


*NOTE: This value can be reduced when a battery is the power source. 
Figure 2. SA608 45MHz Test Circuit (Relays as shown) 
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RF GENERATOR SA608 DEMO-BOARD 
RSSI_AUDIO 
O) O 


45MHz 


















DE-EMPHASIS 
FILTER 


C-MESSAGE | 


HP339A DISTORTION 
ANALYZER 














Figure 3. SA608 Application Circuit Test Set Up 














NOTES: 

1. C-message: The C-message and de-emphasis filter combination has a peak gain of 10 for accurate measurements. Without the gain, the 
measurements may be affected by the noise of the scope and HP339 analyzer. The de-emphasis filter has a fixed -6dB/Octave slope be- 
tween 300Hz and 3kHz. 

2. Ceramic filters: The ceramic filters can be 30kHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or 

16kHz CFU455Ds, also made by Murata (they come in black). All of our specifications and testing are done with the more wideband filter. 

RF generator: Set your RF generator at 45.000MHz, use a 1kHz modulation frequency and a 6kHz deviation if you use 16kHz filters, or 

8kHz if you use 30kHz filters. 

Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.35uV or -116dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

RSSI: The smallest RSSI voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 

design. If the lowest RSSI voltage is 500mV or higher, it means the receiver is in regenerative mede. In that case, the receiver sensitivity 

will be worse than expected. 

7. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10-15F or higher value tantalum 
capacitor on the supply line is essential. A low frequency ESR screening test on this capacitor will ensure consistent good sensitivity in pro- 
duction. A 0.14.F bypass capacitor on the supply pin, and grounded near the 44.545MHz oscillator improves sensitivity by 2-3dB. 

8. R5 can be used to bias the oscillator transistor at a higher current for operation above 45MHz. Recommended value is 22kQ, but should not 
be below 10kQ. 


ou W& 
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Figure 4. Icc vs Temperature 








= 
N 
if 


(wgP) LNIOd JdaOuaINI LAdNI OOS 











Temperature (°C) 





® 
wo 
& 
— 
Oo 
> 
= 
ao. 
a. 
=) 
a 
” 
> 
Po 
= 
(°] 
au 
~~ 
jor 
® 
oO 
he 
® 
Pw] 
= 
hen 
® 
x?) 
be 
Oo 
TG 
= 
<= 
= 
Te) 
® 
= 
= 
5b 
Lu 


590 


November 3, 1992 


Product specification 


Philips Semiconductors RF Communications Products 


SA608 


Low voltage high performance mixer FM IF system 

















1 VAL i i} i] i) 
Poe ee 2 has es te 7 rane Eee mE) pubes aks, Fld sey ee ts, ee) AE ey Se 
1 i] 1 t | t 1 1] ' t I 
1 t ' t 1 t 1 i} ; 1 I 
t i) | 1 t 
1 t 1 i] i) t i] 1 t I 
t 1 ! i] I i] Fi 1] ! \ 1 
re 7 Ree eating | ios, OSB STS get Ode Oo, ion 7 oe aes = a a = 
' i] i i 1] i} ! i t 1 ' 
t ' i] i} ( 1 : 1 , ' i 
- ore = 4 —- —-tr = 4+] - Ie - ic - -l- = T - mye - T - - 
\ i} | i i} i] I { 1 ' I 
t 1 1 1] 1 1 ! 1 1 t 
--4q- ot Vey ss SA) ce nd ha eee" ees i ie Sees -y- - ports 
' i] i i} t] I 1 1 ' 
\ t t i) { i} 1 i} ' i ' 
Bist eg Eccl, Sess elle, ee, les, AN aS! as et TE a Sees 
; ' 1 ' ! 2 >le ; 5 
ee ee ee ee a cee | 
Bo eat Take ia Sef aan eo te Cocky ee A acel aN 0S GN ek ee he 
t i} t i] ' ( ' | ' ' F 
1 i I ] i] 1 ' , t \ t ' 
Fa Wer ces Bh i Ate Ta SPT os dre ae GR tad PA on ell et Ao Pr, 
1 i i 1 J t 1 \ \ 1 
' t i] 1 4 I I i 1 ' 
Be MOR ee sii Biel suet teers aceat al Pe eo he) Sta 
t t t] i] 1 
' i} 1 i I f] i] : \ ' 
1 | $ iy i] 1 \ 4 , I 1 
io a ma SS Set SS! ee ean ee ee: a i: a ery 2 1 = ao ea =e i SE. 
' t i 1 t | ' t ' 1 ' 
' 1 I | I | F i] 1 A i 
Root Sa ge eee ce ar Pe Se WSS re RD ge ie eee ee oe 
1 J i - ty 1 \ i i \ 1 
t t] 1] t f] I \ t 1 I I 
--q- a Ws? ey be He oes od ory Maca ee “i | cee i 
1 t i} i} ( t] 7 | ' t \ 
t 1 i) 4 4 i \ \ ' 
J i] t A t rt ‘ 
t 
i] Lo im) wy Oo Fe] © wo co) Te) oO Ww 
o nN n» NN FS nN © N SG NH HM AN 
[oo] hs ™ ia » @o © oO o w ie) ow 
SdYNDi4 ASION 





80 


70 


60 


40 


30 


20 


~-30 ~-20 ~-—10 


-40 


TEMPERATURE (°C) 


Figure 6. Mixer Noise Figure vs Supply Voltage 
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Figure 7. Conversion Gain vs Supply Voltage 
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Figure 8. Mixer Third Order Intercept and Compression 
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Figure 9. Sensitivity vs RF Level (—40°C) 
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Figure 10. Sensitivity vs RF Level (+25°C) 
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Figure 11. Sensitivity vs RF Level (Temperature 85°C) 
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Figure 12. Relative Audio Level, Distortion, AM Rejection and Noise vs Temperature 
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Figure 13. RSSI (455kHz IF @ 3V) 
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Figure 14. RSSI vs RF Level and Temperature - Vcc = 3V 
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Figure 15. Audio Output vs Temperature 
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DESCRIPTION PIN CONFIGURATION 

The NE/SA624 is pin-to-pin compatible with the NE/SA604A, but 

has faster RSSI rise and fall time. The NE/SA624 is an improved D and N Packages 

monolithic low-power FM IF system incorporating two limiting 

intermediate frequency amplifiers, quadrature detector, muting, IF AMP DECOUPLING 146] IF AMP INPUT 
logarithmic received signal strength indicator, and voltage regulator. GND IF AMP DECOUPLING 
The NE/SA624 features higher IF bandwidth (25MHz) and ete: ie siccueue 
temperature compensated RSSI and limiters permitting higher ) 

performance application compared with the NE/SA604. The Vcc GND 

NE/SA624 is available in a 16-lead dual-in-line plastic and 16-lead RSSI OUTPUT LIMITER INPUT 


SO (surface-mounted miniature) package. TEAUBIOOUTRUT LIMITER DECOUPLING 


LIMITER DECOUPLING 
LIMITER 


UNMUTE AUDIO OUTPUT 
FEATURES ~_ .- QUADRATURE INPUT 


@ Low power consumption: 3.4mA typical 

















®@ Temperature compensated logarithmic Received Signal Strength 
Indicator (RSSI) with a dynamic range in excess of 90dB APPLICATIONS 


. ; 
Fast RSSI rise and fall time ® Digital cellular base station 


@ Two audio outputs - muted and unmuted © Cellular radio EM IF 


@ Low external component count; suitable for crystal/ceramic filters ® High performance communications receivers 

®@ Excellent sensitivity: 1.5uV across input pins (0.22uV into 50Q 
matching network) for 12dB SINAD (Signal to Noise and Distortion 
ratio) at 455kHz ®@ RF level meter 


® Intermediate frequency amplification and detection up to 25MHz 


® SA624 meets cellular radio specifications ®@ Spectrum analyzer 
® Instrumentation 


® FSK and ASK data receivers 


ORDERING INFORMATION a 


16-Pin Plastic Small Outline (SO) package (Surface-mount) 








ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER } RATING UNITS 
Storage temperature range -65 to +150 


T Operating ambient temperature range NE624 0 to +70 °C 
A | SA624 -40 to +85 oC 
9 Thermal impedance D package 90 °C/W 
JA N package 75 °C/W 
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BLOCK DIAGRAM 

















DC ELECTRICAL CHARACTERISTICS 
Voc = +6V, Ta = 25°C; unless otherwise stated. 






LIMITS 







SYMBOL PARAMETER 


i 
V 
Sa By Tel S| 


Mute switch input threshold 17 17 
ony " 1.0 
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AC ELECTRICAL CHARACTERISTICS | 

Typical reading at Ta = 25°C; Vcc = +6V, unless otherwise stated. IF frequency = 455kHz; IF level = -47dBm; FM modulation = 1kHz with 
+8kHz peak deviation. Audio output with C-message weighted filter and de-emphasis capacitor. Test circuit Figure 1. The parameters listed 
below are tested using automatic test equipment to assure consistent electrical characterristics. The limits do not represent the ultimate 
performance limits of the device. Use of an optimized RF layout will improve many of the listed parameters. 


LIMITS 





SYMBOL | PARAMETER TEST CONDITIONS 


ind Recavered audio level 15nF de-emphasis 
eal Recovered audio level 
Total harmonic distortion 


UNITS 


TYP 


a 


530 mVrams 


| 160 550 0 mV 






175 250 










OI 
ie) 
-) 


150pF de-emphasis 


i.e) 
~“N 
al 


4 


i © 
O ho 
S 










~“J 
co 


No modulation for noise 
RF level = -118dBm 
RF level = -68dBm 
RF level = -18dBm 
IF freq. = 455kHz 
IF level = -44dBm 
IF level = -16dBm 
IF freq. = 10.7MHz 
IF level = -44dBm 
IF level = -16dBm 
IF freq. = 455kHz 
IF level = -44dBm 
IF level = -16dBm 
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Signal-to-noise ratio 












RSSI output! 


a RSSI output rise time 
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_ (10kKHz pulse, no IF filter) 


RSSI output fall time 
(10kHz pulse, no IF filter) 










RSSI range 
RSSI accuracy 






IF input impedance 









S/N 

aes 

are 

ae 

P| IF output impedance 


Pe | Limiter input impedance 
Limiter output impedance 


| Limiter output level no load 


Unmuted audio output 
| resistance 


| Muted audio output : 
resistance Pe 28 ar 


NOTE: 
1. NE604 data sheets refer to power at 50Q input termination; about 21dB less power actually enters the internal 1.5k input. 
NE604 (50) NE624 (1.5k)/NE605 (1.5k 
-97dBm -118dBm 
-47dBm -68dBm 
+3dBm -18dBm 
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C2. 100nF +10% 50V SIGNETICS ( ©) 
C3 100nF +10% 50V NE624 TEST CKT 
C4 100nF +10% 50V CTO) 


C5 100nF +10% 50V 
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C7 100nF +10% 50V 
C8 100nF +10% 50V 
C9 15nF +10% 50V 
C10 150pF +2% 100V N1500 Ceramic 
C11. 1nF +10% 100V K2000-Y5P Ceramic 
Ci2 6.8uF +20% 25V Tantalum 
F1 455kHz Ceramic Filter Murata SFG455A3 
F2 455kHz (Ce = 180pF) TOKO RMC 2A6597H 
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Figure 1. NE/SA624 Test Circuit 
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Figure 2. Equivalent Circuit 
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CIRCUIT DESCRIPTION 

The NE/SA624 is a very high gain, high frequency device. 
Correct operation is not possible if good RF layout and gain 
stage practices are not used. The NE/SA624 cannot be 
evaluated independent of circuit, components, and board 
layout. A physical layout which correlates to the electrical 
limits is shown in Figure 1. This configuration can be used as 
the basis for production layout. 


The NE/SA624 is an IF signal processing system suitable for IF 
frequencies as high as 21.4MHz. The device consists of two limiting 
amplifiers, quadrature detector, direct audio output, muted audio 
output, and signal strength indicator (with output characteristic). The 
sub-systems are shown in Figure 2. A typical application with 
45MHz input and 455kHz IF is shown in Figure 3. 


IF Amplifiers 

The IF amplifier section consists of two log-limiting stages. The first 
consists of two differential amplifiers with 39dB of gain and a small 
signal bandwidth of 41MHz (when driven from a 50Q source). The 
output of the first limiter is a low impedance emitter follower with 
1kQ of equivalent series resistance. The second limiting stage 
consists of three differential amplifiers with a gain of 62dB anda 
small signal AC bandwidth of 28MHz. The outputs of the final 
differential stage are buffered to the internal quadrature detector. 
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Figure 3. Typical Application Cellular Radio (45MHz to 455kHz) 
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One of the outputs is available at Pin 9 to drive an external 
quadrature capacitor and L/C quadrature tank. 


Both of the limiting amplifier stages are DC biased using feedback. 
The buffered output of the final differential amplifier is fed back to the 
input through 42kQ resistors. As shown in Figure 2, the input 
impedance is established for each stage by tapping one of the 
feedback resistors 1.6kQ from the input. This requires one 
additional decoupling capacitor from the tap point to ground. 














40k = 


Figure 4. First Limiter Bias 








Because of the very high gain, bandwidth and input impedance of 
the limiters, there is a very real potential for instability at IF 
frequencies above 455kHz. The basic phenomenon is shown in 
Figure 6. Distributed feedback (capacitance, inductance and 
radiated fields) 
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Figure 5. Second Limiter and Quadrature Detector Figure 6. Feedback Paths 
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b. Low Impedance Termination and Gain Reduction 
Figure 7. Practical Termination 
































Figure 8. Crystal Input Filter with Ceramic Interstage Filter 








forms a divider from the output of the limiters back to the inputs There are three primary ways to deal with regeneration: (1) 
(including RF input). If this feedback divider does not cause Minimize the feedback by gain stage isolation, (2) lower the stage 
attenuation greater than the gain of the forward path, then oscillation input impedances, thus increasing the feedback attenuation factor, 
or low level regeneration is likely. If regeneration occurs, two and (3) reduce the gain. Gain reduction can effectively be 
symptoms may be present: (1)The RSSI output will be high with no accomplished by adding attenuation between stages. This can also 
signal input (should nominally be 250mV or lower), and (2) the lower the input impedance if well planned. Examples of 
demodulated output will demonstrate a threshold. Above a certain impedance/gain adjustment are shown in Figure 7. Reduced gain 
input level, the limited signa! will begin to dominate the regeneration, will result in reduced limiting sensitivity. 


|” 


and the demodulator will begin to operate in a “normal” manner. 
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A feature of the NE624 IF amplifiers, which is not specified, is low 
phase shift. The NE624 is fabricated with a 10GHZz process with 
very small collector capacitance. It is advantageous in some 
applications that the phase shift changes only a few degrees over a 
wide range of signal input amplitudes. Additional information will be 
provided in the upcoming product specification (this is a preliminary 
specification) when characterization is complete. 


Stability Considerations 

The high gain and bandwidth of the NE624 in combination with its 
very low currents permit circuit implementation with superior 
performance. However, stability must be maintained and, to do that, 
every possible feedback mechanism must be addressed. These 
mechanisms are: 1) Supply lines and ground, 2) stray layout 
inductances and capacitances, 3) radiated fields, and 4) phase shift. 
As the system IF increases, so must the attention to fields and 
strays. However, ground and supply loops cannot be overlooked, 
especially at lower frequencies. Even at 455kHz, using the test 
layout in Figure 1, instability will occur if the supply line is not 
decoupled with two high quality RF capacitors, a 0.1u.F monolithic 
right at the Vcc pin, and a 6.8uF tantalum on the supply line. An 
electrolytic is not an adequate substitute. At 10.7MHz, a 1pF 
tantalum has proven acceptable with this layout. Every layout must 
be evaluated on its own merit, but don’t underestimate the 
importance of good supply bypass. 


At 455k, if the layout of Figure 1 or one substantially similar is 
used, it is possible to directly connect ceramic filters to the input and 
between limiter stages with no special consideration. At frequencies 
above 2MHz, some input impedance reduction is usually necessary. 
Figure 7 demonstrates a practical means. 


As illustrated in Figure 8, 430Q external resistors are applied in 
parallel to the internal 1.6kQ load resistors, thus presenting 
approximately 330 to the filters. The input filter is a crystal type for 
narrowband selectivity. The filter is terminated with a tank which 
transforms to 330. The interstage filter is a ceramic type which 
doesn’t contribute to system selectivity, but does suppress wideband 
noise and stray signal pickup. In wideband 10.7MHz IFs the input 
filter can also be ceramic, directly corinected to Pin 16. 


In some products it may be impractical to utilize shielding, but this 
mechanism may be appropriate to 10.7MHz and 21.4MHz IF. One 
of the benefits of low current is lower radiated field strength, but 
lower does not mean non-existent. A spectrum analyzer with an 
active probe will clearly show IF energy with the probe held in the 
proximity of the second limiter output or quadrature coil. No specific 
recommendations are provided, but mechanical shielding should be 
considered if layout, bypass, and input impedance reduction do not 
solve a stubborn instability. 


The final stability consideration is phase shift. The phase shift of the 
limiters is very low, but there is phase shift contribution from the 
quadrature tank and the filters. Most filters demonstrate a large 
phase shift across their passband (especially at the edges). If the 
quadrature detector is tuned to the edge of the filter passband, the 
combined filter and quadrature phase shift can aggravate stability. 
This is not usually a problem, but should be kept in mind. 


Quadrature Detector 

Figure 5 shows an equivalent circuit of the NE624 quadrature 
detector. Itis a multiplier cell similar to a mixer stage. Instead of 
mixing two different frequencies, it mixes two signals of common 
frequency but different phase. Internal to the device, a constant 
amplitude (limited) signal is differentially applied to the lower port of 
the multiplier. The same signal is applied single-ended to an 
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external capacitor at Pin 9. There is a 90° phase shift across the 
plates of this capacitor, with the phase shifted signal applied to the 
upper port of the multiplier at Pin 8. A quadrature tank (parallel L/C 
network) permits frequency selective phase shifting at the IF 
frequency. This quadrature tank must be returned to ground through 
a DC blocking capacitor. 


The loaded Q of the quadrature tank impacts three fundamental 
aspects of the detector: Distortion, maximum modulated peak 
deviation, and audio output amplitude. Typical quadrature curves 
are illustrated in Figure 10. The phase angle translates to a shift in 
the multiplier output voltage. 


Thus a small deviation gives a large output with a high Q tank. 
However, as the deviation from resonance increases, the 
non-linearity of the curve increases (distortion), and, with too much 
deviation, the signal will be outside the quadrature region (limiting 
the peak deviation which can be demodulated). If the same peak 
deviation is applied to a lower Q tank, the deviation will remain irra 
region of the curve which is more linear (less distortion), but creates 
a smaller phase angle (smaller output amplitude). Thus the Q of the 
quadrature tank must be tailored to the design. Basic equations and 
an example for determining Q are shown below. This explanation 
includes first-order effects only. 


Frequency Discriminator Design Equations for 
NE624 

















VQUT 
|| y T 
em 
ae 
.14 
. Figure 9. 
(1a) 
Cg 1 
Vo= V 
ss Conca. < Wy 01,2 ay 
1+ eee 
where «4 = 1 (1b) 
—~V L(Cp + Cs) 
Q; =R (Cp + Cg) oy (1c) 


From the above equation, the phase shift between nodes 1 and 2, or 
the phase across Cz will be: 

oy (2) 
-{ Q1® 


wy 


a) 


Figure 10 is the plot of 9 vs. (2) 
4 
It is notable that at wm = @1, the phase shift is 


d= ZVo- ZVIN= i 
2 
1- 


mn, 


and the response is close to a straight 


2 
seas Ad 2Q, 
line with a slope of Ao O; 


The signal Vo would have a phase shift of 


T 221% with respect to the Vjy. 
2 4 
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If Vin =A Sin Ot => Vo=A 


Sin E + BR _ 2Q1 o| 
2 
Multiplying the two signals in the mixer, and 
low pass filtering yields: 
" 


Wy 


Vin ® Vo = A? Sin ot (4) 
Sin E + 
2 


after low pass filtering 


220 
04 





=> Vout=— a2 Cos| 2 ee 0 (6) 
2 eS 2 @ 
= 3 A2 Sin( SS) wo 
Vout % 2Q4 G -|2 il reas (6) 
For = << s 


Which is discriminated FM output. (Note that AQ is the deviation 
frequency from the carrier @,. 


Ref. Krauss, Raab, Bastian; Solid State Radio Eng.; Wiley, 1980, p. 
311. Example: At 455kHz IF, with +5kHz FM deviation. The 
maximum normalized frequency will be 


455 +5kHz ; 
ae eee = 1. é 
455 010 or 0.990 


Go to the f vs. normalized frequency curves (Figure 10) and draw a 
vertical straight line at 
@ 


Oo 


The curves with Q = 100, Q = 40 are not linear, but Q = 20 and less 
shows better linearity for this application. Too small Q decreases 


the amplitude of the discriminated FM signal. (Eq. 6) =» Choose a 
Q=20 


The internal R of the 624 is 40k. From Eq. 1c, and then 1b, it results 
that 


Cp + Cg = 174pF and L = 0.7mH. 


A more exact analysis including the source resistance of the 
previous stage shows that there is a series and a parallel resonance 
in the phase detector tank. To make the parallel and series 
resonances Close, and to get maximum attenuation of higher 
harmonics at 455kHz IF, we have found that a Cg = 10pF and Cp = 
164pF (commercial values of 150pF or 180pF may be practical), will 
give the best results. A variable inductor which can be adjusted 
around 0.7mH should be chosen and optimized for minimum 
distortion. (For 10.7MHz, a value of Cs = 1pF is recommended.) 


Audio Outputs 

Two audio outputs are provided. Both are PNP current-to-voltage 
converters with 55kQ nominal internal loads. The unmuted output 
is always active to permit the use of signaling tones in systems such 
as cellular radio. The other output can be muted with 70dB typical 
attenuation. The two outputs have an internal 180° phase 
difference. 


The nominal frequency response of the audio outputs is 300kKHz. 
this response can be increased with the addition of external 
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resistors from the output pins to ground in parallel with the internal 
55k resistors, thus lowering the output time constant. Singe the 
output structure is a current-to-voltage converter (current is driven 
into the resistance, creating a voltage drop), adding external parallel 
resistance also has the effect of lowering the output audio amplitude 
and DC level. 


This technique of audio bandwidth expansion can be effective in 
many applications such as SCA receivers and data transceivers. 
Because the two outputs have a 180° phase relationship, FSK 
demodulation can be accomplished by applying the two output 
differentially across the inputs of an op amp or comparator. Once 
the threshold of the reference frequency (or “no-signal” condition) 
has been established, the two outputs will shift in opposite directions 
(higher or lower output voltage) as the input frequency shifts. The 
output of the comparator will be logic output. The choice of op amp 
or comparator will depend on the data rate. With high IF frequency 
(10MHz and above), and wide IF bandwidth (L/C filters) data rates in 
excess of 4Mbaud are possible. 


RSSI 

The “received signal strength indicator’, or RSSI, of the NE624 
demonstrates monotonic logarithmic output over a range of 90dB. 
The signal strength output is derived from the summed stage 
currents in the limiting amplifiers. It is essentially independent of the 
IF frequency. Thus, unfiltered signals at the limiter inputs, spurious 
products, or regenerated signals will manifest themselves as RSSI 
outputs. An RSSI output of greater than 250mV with no signal (ora 
very small signal) applied, is an indication of possible regeneration 
or oscillation. 


In order to achieve optimum RSSI linearity, there must be a 12dB 
insertion loss between the first and second limiting amplifiers. With 
a typical 455kHz ceramic filter, there is a nominal 4dB insertion loss 
in the filter. An additional 6dB is lost in the interface between the 
filter and the input of the Second limiter. A small amount of 
additional loss must be introduced with a typical ceramic filter. In the 
test circuit used for cellular radio applications (Figure 3) the optimum 
linearity was achieved with a 5.1kQ. resistor from the output of the 
first limiter (Pin 14) to the input of the interstage filter. With this 
resistor from Pin 14 to the filter, sensitivity of 0.25uUV for 12dB 
SINAD was achieved. With the 3.6kQ resistor, sensitivity was 


optimized at 0.22UV for 12dB SINAD with minor change in the RSSI 
linearity. 


Any application which requires optimized RSSI linearity, such as 
spectrum analyzers, cellular radio, and certain types of telemetry, 
will require careful attention to limiter interstage component 
selection. This will be especially true with high IF frequencies which 
require insertion loss or impedance reduction for stability. 


At low frequencies the RSSI makes an excellent logarithmic AC 
voltmeter. 


For data applications the RSSI is effective as an amplitude shift 
keyed (ASK) data slicer. If a comparator is applied to the RSSI and 
the threshold set slightly above the no signal level, when an in-band 
signal is received the comparator will be sliced. Unlike FSK 
demodulation, the maximum data rate is somewhat limited. An 
internal capacitor limits the RSSI frequency response to about 
100kKHz. At high data rates the rise and fall times will not be 
symmetrical. 


The RSSI output is a current-to-voltage converter similar to the 
audio outputs. However, an external resistor is required. With a 
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91kQ resistor, the output characteristic is 0.5V for a 10dB change in device over a wide temperature range. These regulators are not 
the input amplitude. accessible to the user. 


Additional Circuitry 
Internal to the NE624 are voltage and current regulators which have 
been temperature compensated to maintain the performance of the 
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Figure 11. NE/SA624 Rise Time 455kHz IF Frequency 





November 3, 1992 606 


Product specification 


Philips Semiconductors RF Communications Products 


High performance low power FM IF system with 


high-speed RSSI 


NE/SA624 


5.5 


a el ol 


( 
i] 
( 
7 
t 
1 
4 
f= 
i) 
i] 
4 
t 


i ities ele = = = {or ale me ew fw ew em ow 


5.0 


Sl col ed Cee Seale! tol ied, 


—— AFINP-16dBm 
_ -—*—_ BFINP-26dBm 





70 


eee ale ew wow we & we we wo 


r 
' 
’ 
’ 
' 
' 

6 


——s—__RFINP-44dBm 


= ewe ele =§ = = 
’ 
t 
’ 
‘ 
’ 
’ 
’ 
' 
50 


40 


30 


20 


10 


-10 


-20 


—30 





2.0h---- 


(s4 ) WIL T1v4 ISSH 


TEMPERATURE (°C) 


Figure 12. NE/SA624 Fall Time 455kHz IF Frequency 
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DESCRIPTION PIN CONFIGURATION 

The NE/SA625 is pin-to-pin compatible with the NE/SA605, but has 

faster RSSI rise and fall times. The NE/SA625 is a high D, DK and N Packages 

performance monolithic low-power FM IF system incorporating a 

mixer/oscillator, two limiting intermediate frequency amplifiers, RFIN Fa 20 MIXER OUT 
quadrature detector, muting, logarithmic received signal strength RF BYPASS| 2 | 49 | IF AMP DECOUPLING 
indicator (RSSI) with fast rise and fall time, and voltage regulator. 

The NE/SA625 combines the functions of Signetics’ NE602A and . MAES Ei 18 AMP 

NE624. The NE/SA625 is available in 20-lead-dual-in-line plastic XTAL OSC | 4 | IF AMP DECOUPLING 
and 20-lead SOL (surface-mounted miniature package) and 20-lead MUTE}N [5 | 116 | IF AMP OUT 


SSOP (shrink small outline package). 


For additional technical information please refer to application notes 


ete eat LIMITER IN 

AN1994, 1995 and,1996, which include example application RSSIQUT 14 | 

diagrams, a complete overview of the product and artwork for MUTED AUDIO OUT | 8 | if3 LIMITER DECOUPLING 
ielerence, UNMUTED AUDIO OUT | 9 12] LIMITER DECOUPLING 
FEATURES | | QUADRATURE IN [10 | 44 | LIMITER OUT 


® Fast RSSI rise and fall times 








‘@ Low power consumption: 5.8mA typical at 6V © ESD hardened 


® Mixer input to >500MHz 
} APPLICATIONS 


® Digital cellular base stations 


®@ Mixer conversion power gain of 13dB at 45MHz 


® Mixer noise figure of 4.6dB at 45MHz 


; ; ® High performance communications receivers 
® XTAL oscillator effective to 150MHz (L.C. oscillator to 1GHz local . 


oscillator can be injected). @ Single conversion VHF/UHF receivers 
® 102dB of IF Amp/Limiter gain ® SCA receivers 
@ 25MHz limiter small signal bandwidth | . @ FF level meter 
® Temperature compensated logarithmic Received Signal Strength ® Spectrum analyzer 


Indicator (RSSI) with a dynamic range in excess of 90dB @ jnstunentation 


® Two audio outputs - muted and unmuted © FSK and ASK data ees 


® Low external component count; suitable for crystal/ceramic/LC 


e 
filters nog mps 
® Excellent sensitivity: 0.22uV into 50Q matching network for 12dB @ Wide band:low eunicavampilication 
SINAD (Signal to Noise and Distortion ratio) for 1KHz tone with RF ® Digital cordless telephones 


at 45MHz and IF at 455kHz 


® SA625 meets cellular radio specifications 


ORDERING INFORMATION 


[~S~*~*~*~*~«é SCRIPTION ——=~=~S*~*~*~*~*~*wdCSTEMPERATURE RANGE | ORDERCODE | DWG# 
20-Pin Plastic Shrink Small Outline Package (SSOP) (Surface-mount) 





20-Pin Plastic Small Outline Large (SOL) package (Surface-mount) -40 to +85°C SA625D 0172D 
20-Pin Plastic Shrink Small Outline Package (SSOP) (Surface-mount) -40 to +85°C SA625DK 1563 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL | PARAMETER 


Voc Single supply voltage 


Storage temperature range 


Ta Operating ambient temperature range NE625 
SA625 


OA Thermal impedance D package 


N package 


gt UNITS 


90 °C/W 





DK package 


DC ELECTRICAL CHARACTERISTICS 
Voc = +6V, Ta = 25°C; unless otherwise stated. 


SYMBOL PARAMETER TEST CONDITIONS 


Power supply voltage range 
DC current drain 


acer Mute switch input ve 


om 


LIMITS 
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AC ELECTRICAL CHARACTERISTICS 

Ta = 25°C; Voc = +6V, unless otherwise stated. RF frequency = 45MHz + 14.5dBV RF input step-up; IF frequency = 455kHz; R17 = 5.1k; RF 
level = -45dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with C-message weighted filter and de-emphasis capacitor. 
Test circuit Figure 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical characterristics. 
The limits do not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of the listed parame- 
ters. ) : 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS NE625 | ss SAB25-——s UNITS 


MIN| TYP] MAX | MIN | TYP | WAX 





Mixer/Osc section (ext LO = 300mV) 












input signal frequency | 
[fosc [Crystal oscillator frequency Paso [80 
[| Noiserfigure at a5wiz Tso [ [ [so | [| 


| —._: | Third-order input intercept point |f1=45.0;f2=45.06MHz | | -10 | | | -10 | | | dBm | 
etched TASABV slop 
Stn sours Ee a a 












Single-endedinpt | 38 | 47 | | 30 | 47 | | K@_ 
i CSOSC~SSC“‘“cU OS PAO TD 8 POO | oF 

ee ae a a a 
P_[Famp gain ae a a 
oe er ee 
input imiing 0B, Ri7= Sik [TostatPn te |__| a |__| | 9 |__| «m_ 
[awirejection «dO AM TA 34 a 


Ten de-emphasi To |_150 30 


[| SINAD senstivy EL A PR) a 
THO] 
sn] 





Totalharmonicdistorion [| 8 | eT |e ee [a 
Signal-to-noise ratio 































No modulation for noise me oo ee Eca Ree e 
IF RSS! output, Rg = 100kQ' | IF level = -118dBm | O | 160 | 550 | O | 160 650 
a IF level = -68dBm 









IF frequency = 455kHz 
RF level = -56dBm 
RF level = -28dBm 
| IF frequency = 10.7MHz 
RF level = -56dBm 
RF level = -28dBm 
IF frequency = 455kHz 
RF level = -56dBm 

IF RSSI output fall time RF level = -28dBm 
(10kHz pulse, no 455ktz filter) | IF frequency = 10.7MHz 
(no RSSI bypass capacitor) RF level = -56dBm 
RF level = -28dBm 


















IF RSSI output rise time 
(10kKHz pulse, no 455kHz filter) 
(no RSSI bypass capacitor) 

























| «| RSI range | Rg = 100kQ Pin 16 aes —, | 
Fst accuracy [Rea tooarinte [Pats |] pats | a 
TF inpatimpedans ate ao 8s 
Fi outpatimpedanes [os 0s [0 a 
— ra ae ae ae a 
(--——"] Limiter output impedance Ee 300 | | Q | 
| —__—| Limiter output level with no load | | 280 280 | | mVpms | 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL PARAMETER 


IF section (continued) 


TEST CONDITIONS 


Product specification 


NE/SA625 


LIMITS 


SC 
pean [ree [wax [wn] rye [wa 


Unmuted audio output resis- 
tance 


Muted audio output resis- 
[mr Oo 


RF/IF section (int LO) 


: 4.5V = Vcc, RF level = 

i Unmuted audio level _97dBm 
‘ 4.5V = Voc, RF level = 

ee System RSSI output -27dBm 


NOTE: 


a ES ee ae Ed ee 
S 
ee | 





1. The generator source impedance is 50Q, but the NE/SA625 input impedance at Pin 18 is 1500Q. As a result, IF level refers to the actual 
signal that enters the NE/SA625 input (Pin 8) which is about 21dB less than the available power’ at the generator. 


CIRCUIT DESCRIPTION 

The NE/SA625 is an IF signal processing system suitable for 
second IF or single conversion systems with input frequency as high 
as 1GHz. The bandwidth of the IF amplifier is about 40MHz, with 
39.7dB(v) of gain from a 50Q source. The bandwidth of the limiter is 
about 28MHz with about 62.5dB(v) of gain from a 50Q source. 
However, the gain/bandwidth distribution is optimized for 455kHz, 
1.5kQ source applications. The overall system is well-suited to 
battery operation as well as high performance and high quality 
products of all types. 


The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 5dB, conversion gain of 
13dB, and input third-order intercept of -10dBm. The oscillator will 
operate in excess of 1GHz in L/C tank configurations. Hartley or 
Colpitts circuits can be used up to 100MHz for xtal configurations. 
Butler oscillators are recommended for xtal configurations up to 
150MHz. 


The output of the mixer is internally loaded with a 1.5kQ resistor 
permitting direct connection to a 455kHz ceramic filter. The input 
resistance of the limiting IF amplifiers is also 1.5kQ. With most 
455kHz ceramic filters and many crystal filters, no impedance 
matching network is necessary. To achieve optimum linearity of the 
log signal strength indicator, there must be a 12dB(v) insertion loss 
between the first and second IF stages. If the IF filter or interstage 
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network does not cause 12dB(v) insertion loss, a fixed or variable 
resistor can be added between the first IF output (Pin 16) and the 
interstage network. 


The signal from the second limiting amplifier goes to a Gilbert cell 
quadrature detector. One port of the Gilbert cell is internally driven 
by the IF. The other output of the IF is AC-coupled to a tuned 
quadrature network. This signal, which now has a 90° phase 
relationship to the internal signal, drives the other port of the 
multiplier cell. 


Overall, the IF section has a gain of 90dB. For operation at 
intermediate frequencies greater than 455kHz, special care must be 
given to layout, termination, and interstage loss to avoid instability. 


The demodulated output of the quadrature detector is available at 
two pins, one continuous and one with a mute switch. Signal 
attenuation with the mute activated is greater than 60dB. The mute 
input is very high impedance and is Seman with CMOS or TTL 
levels. 


A log signal strength completes the circuitry. The output range is 
greater than 90dB and is temperature compensated. This log signal 
strength indicator exceeds the criteria for AMPs or TACs cellular 
telephone. 


NOTE: dB(v) = 20log Vout/ViIN 
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with high-speed RSSI 
-250B, -10dB, -29dB, -10.6dB, -36dB, 
1500/5002 PAD 50/500 PAD =: 929/502 PAD 50/502 PAD 156k/500 PAD 
a (a i 
51.5 96.5 51.7 
meres a 
2.8 S715 $1.3k 
\-8 
de Ceol. oie = 7 C19 = —— C16 C15 
3° eT e 
ie SN er a 
| FT 
AUDIO 
MEASUREMENT 
CIRCUIT 
R8 ___. 
39.2 | \ | | I 
= MUTE Vcog _ASSI AUDIO UNMUTED = = 
MINI-CIRCUIT ZSC2-1B OUTPUT core 
Automatic Test Circuit Component List 
Ci 100pF NPO Ceramic C21 100nF +10% Monolithic Ceramic 
C2 390pF NPO Ceramic C23. 100nF +10% Monolithic Ceramic 
C5 100nF +10% Monolithic Ceramic C25 100nF +10% Monolithic Ceramic 
C6 22pF NPO Ceramic Fit1 Ceramic Filter Murata SFG455A3 or equiv 
C7 inF Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv 
C8 10.0pF NPO Ceramic IFT 1 455kHz (Ce = 180pF) Toko RMC-—2A6597H 
C9 100nF +10% Monolithic Ceramic Li 147-—160nH Coilcraft UNi—10/142-04J08S 
C10 6.8,F Tantalum (minimum) * L2 0.8.H nominal 
C11 100nF +10% Monolithic Ceramic Toko 292CNS-T1038Z 
C12 15nF +10% Ceramic X1  44.545MHz Crystal ICM4712701 
C13 150pF +2% N1500 Ceramic RQ 100k +1% 1/4W Metal Film 
C14 100nF 410% Monolithic Ceramic R17 = =5.1k +5% 1/4W Carbon Composition 
C15 10pF NPO Ceramic R10 100k 41% 1/4W Metal Film (optional) 
C17 100nF +10% Monolithic Ceramic R11 100k +1% 1/4W Metai Film (optional) 
C18 100nF +10% Monolithic Ceramic 
*NOTE: This value can be reduced when a battery is the power source. 
Figure 1. NE/SA625 45MHz Test Circuit (Relays as shown) 
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IFT1 
° ° } | ° L9 
MUTE Vcc _RSSI_ AUDIO UNMUTED = = 
OUTPUT AUDIO 
Application Component List 

Ci 100pF NPO Ceramic C21 100nF +10% Monolithic Ceramic 

C2 390pF NPO Ceramic C23. 100nF +10% Monolithic Ceramic 

C5 100nF +10% Monolithic Ceramic C25 100nF +10% Monolithic Ceramic 

C6 22pF NPO Ceramic Fit? Ceramic Filter Murata SFG455A3 or equiv 

C7 1nF Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv 

C8 10.0pF NPO Ceramic IFT1 455kHz (Ce = 180pF) Toko RMC—2A6597H 

C9 100nF +10% Monolithic Ceramic Li 147-160nH Coilcraft UNI-10/142—04J08S 
C10 6.8,.F Tantalum (minimum) * L2 0.8.H nominal 
C11 100nF +10% Monolithic Ceramic Toko 292CNS-T1038Z 
C12 15nF +10% Ceramic X1 44.545MHz Crystal ICM4712701 
C13 150pF +2% N1500 Ceramic R93 100k +1% 1/4W Metal Film 
C14 100nF +10% Monolithic Ceramic R17 -5.1k +5% 1/4W Carbon Composition 
C15 10pF NPO Ceramic R5 Not Used in Application Board (see Note 8) 
C17 100nF +10% Monolithic Ceramic R10 100k +1% 1/4W Metal Film (optional) 
C18 100nF +10% Monolithic Ceramic R11 100k +1% 1/4W Metal Film (optional) 


*NOTE: This value can be reduced when a battery is the power source. 








Figure 2. NE/SA625 45MHz Application Circuit 
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RF GENERATOR 


45MHz NE625 DEMO BOARD 








C—-MESSAGE 


HP339A DISTORTION 
ANALYZER 











Figure 3. NE/SA625 Application Circuit Test Set Up 











NOTES: 

1. C-message: The C-message filter has a peak gain of 100 for accurate measurements. Without the gain, the measurements may be 
affected by the noise of the scope and HP339 analyzer. 

2. Ceramic filters: The ceramic filters can be 30kHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or 
16kKHz CFU455Ds, also made by Murata (they come in black). All of our specifications and testing are done with the more wideband filter. 

3. RF generator: Set your RF generator at 45.000MHz, use a 1kHz modulation frequency and a 6kHz deviation if you use 16kHz filters, or 

8kHz if you use 3CkHz filters. 

Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.22uV or -120dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

RSSI: The smallest RSSI voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 

design. If the lowest RSSI voltage is 250mV or higher, it means the receiver is in regenerative mode. In that case, the receiver sensitivity 

will be worse than expected. 

7. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10-15uF or higher value tantalum 
capacitor on the supply line is essential. A low frequency ESR screening test on this capacitor will ensure consistent good sensitivity in 
production. A 0.1 bypass capacitor on the supply pin, and grounded near the 44.545MHz oscillator improves sensitivity by 2-3dB. 

8. R5 can be used to bias the oscillator transistor at a higher current for operation above 45MHz. Recommended vaiue is 22kQ, but should not 
be below 10kQ. 


OO 
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ES RF = 45MHz 
IF = 455kHz 
| +— AUDIO REF 174mVR — oe Ooi 
a og: 
a Gn Cet Fey ae des fe eC 
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na al a a ee Pee a 
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RF INPUT LEVEL (dBm) 
Figure 4. NE625 Application Board at 25°C 
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Figure 5. Component Placement for NE625 Application Circuit 
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Figure 6. Layout for NE/SA625 Application Board 
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Figure 8. NE625 SSOP Demo-board Layout (Net Actual Size) 
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Figure 10. NE/SA625 Fall Time 455kHz IF Frequency 
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Figure 11. NE/SA625 Rise Time 10.7MHz IF Frequency 
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DESCRIPTION 

The SA626 is a low-voltage high performance monolithic FM IF 
system incorporating a mixer/oscillator, two limiting intermediate 
frequency amplifiers, quadrature detector, high speed logarithmic 
received signal strength indicator (RSSI), voltage regulator and 
audio and fast RSS! op amps. The SA626 is available in 20-lead 
SOL (surface-mounted small outline large package) and 20-lead 
SSOP (shrink small outline package). 


The SA626 was designed for high bandwidth portable 
communication applications and will function down to 2.7V. The RF 
section is similar to the famous NE605. The audio and RSSI 
outputs have amplifiers. The RSSI output has access to the 
feedback pin. This-enables the designer to level adjust the outputs 
or add filtering. 


SA626 incorporates a power down mode which powers down the 
device when Pin 8 is low. Power down logic levels are CMOS and 
TTL compatible with high input impedance. 


APPLICATIONS 


® Digital cordless telephones 

® Digital cellular telephones 

® Digital cellular base stations 

® Portable high performance communications receivers 
® Single conversion VHF/UHF receivers 

® SCA receivers 

@ FF level meter. 

®@ Spectrum analyzer 

® Instrumentation 

® FSK and ASK data receivers 

® Log amps 

® Wideband low current amplification 
FEATURES | 

® Fast RSSI rise and fall times 

®@ Low power consumption: 6.5mA typ at 3V 


® Power down mode (Icc = 200A) 


ORDERING INFORMATION 
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PIN CONFIGURATION 





D and DK Packages 


RFIN ral 20 | MIXER OUT 


RF BYPASS| 2 | 149 | IF AMP DECOUPLING 


118 | IF AMP IN 









XTAL OSC EMITTER |3 | 










XTAL OSC (BASE) | 4 | IF AMP DECOUPLING 
Voc |5 | 116 | iF AMP OUT 
RSSI FEEDBACK | 6 | 115 | GND 


14 LIMITER IN 






RSSIQUT 


POWER DOWN CONTROL | 8 | 113 | LIMITER DECOUPLING 





12] LIMITER DECOUPLING 
41 | LIMITER OUT 


aupio our [9 | 
QUADRATURE IN [10 | 








DESCRIPTION ___| TEMPERATURE RANGE | ORDERCODE | DWG# | 


20-Pin Plastic Small Outline Large (SOL) package (Surface-mount) 


20-Pin Plastic Shrink Small Outline Package (Surface-mount) -40 to +85°C - SA626DK 1563 





@ Mixer input to >500MHz 
@ Mixer conversion power gain of 11dB at 240MHz 
® Mixer noise figure of 14dB at 240MHz 


® XTAL oscillator effective to 150MHz (L.C. oscillator to 1GHZz, local 
oscillator can be injected) 


@ 92dB of IF Amp/Limiter power gain 
@ 25M limiter small signal bandwidth 


®@ Temperature compensated logarithmic Received Signal Strength 
Indicator (RSSI) with a dynamic range in excess of 90dB 


® Audio output internal buffer 
® RSSI output internal buffer 
® Internal op amps with rail-to-rail outputs 


® 10.7MHz filter matching (830Q) reduces external component 
count; suitable for crystal/ceramic/LC filters 


® Excellent sensitivity: 0.54uV into 50Q matching network for 12dB 
SINAD (Signal to Noise and Distortion ratio) for 1kKHz tone with RF 
at 240MHz and IF at 10.7MHz 


® SA626 meets cellular radio specifications 


® ESD hardened 


-40 to +85°C 


SA626D 0172D 
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BLOCK DIAGRAM 








ABSOLUTE MAXIMUM RATINGS 


SYMBOL - PARAMETER 


Voc Single supply voltage 
VIN Voltage applied to any other pin 
Tsta@ Storage temperature range 


T, Operating ambient temperature range SA626 


A 
Oya Thermal impedance D package 
DK package 


DC ELECTRICAL CHARACTERISTICS 
Voc = +3V, Ta = 25°C; unless otherwise stated. 





LIMITS 


SYMBOL PARAMETER TEST CONDITIONS | SABZE 


ae | 
[ec [BComentdain |G 
ton 
i 


Zt 

5.5 

~10 
3 
| 
3 nai 
7 


[tou [Poweruptine [RSS vald 10% 19 90%) 
Power down time RSSI invalid (90% to 10%) 
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AC ELECTRICAL CHARACTERISTICS 


Ta = 25°C; Voc = +8V, unless otherwise stated. RF frequency = 240.05MHz + 14.5dBV RF input step-up; IF frequency = 10.7MHZz; RF level = 
-68dBm; FM modulation = 1kHz with +125kHz peak deviation. Audio output with C-message weighted filter and de-emphasis filter. Test circuit 
Figure 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical characteristics. The limits do 
not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of the listed parameters. 


LIMITS 






SYMBOL PARAMETER TEST CONDITIONS 














Mixer/Osc section (ext LO = 160mMVpms) 


Input signal frequency 

External oscillator (buffer) 

| | Noise igure at 240MHz 
|__| Third-order input intercept point 
i cael Conversion power gain 


RF input resistance 
RF input capacitance 
| Mixer output resistance 
IF section 






IF amp power gain 


[ [Limiter amp power gain : fs | | 3 
|_| Input limiting -3dB Test at Pin 18 : 
| | AM rejection 80% AM 1kHz ! [3=-s50e: ~) 
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(no RSSI bypass capacitor) RF level = -28dBm 
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= 42.00 Voc = 5V J 3 57.00 
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TEMPERATURE (°C) TEMPERATURE (°C) 

SA626 IF Amplifier Gain vs Temperature vs Supply Voltage SA626 Limiting Amplifier Gain vs Temperature vs Supply Voltage 
CIRCUIT DESCRIPTION between the first and second IF stages. If the IF filter or interstage 
The SA626 is an IF signal processing system suitable for second IF network does not cause 3dB insertion loss, a fixed or variable 
or single conversion systems with input frequency as high as 1GHz. resistor can be added between the first IF output (Pin 16) and the 
The bandwidth of the IF amplifier is about 40MHz, with 38dB of interstage network. 
power gain from a 50Q source. The bandwidth of the limiter is about The signal from the second limiting amplifier goes to a Gilbert cell 
28MHz with about S4dB of power gain from a SOQ source. quadrature detector. One port of the Gilbert cell is internally driven 
However, the gain/bandwidth distribution is optimized for 10.7MHz, by the IF. The other output of the IF is AC-coupled to a tuned 


330Q source applications. The overall system is well-suited to 
battery operation as well as high performance and high quality 
products of all types, such as cordless and cellular hand-held 
phones. 


quadrature network. This signal, which now has a 90° phase 
relationship to the internal signal, drives the other port of the 
multiplier cell. 


Overall, the IF section has a power gain of 92dB. For operation at 
intermediate frequency at 10.7MHz. Special care must be given to 
layout, termination, and interstage loss to avoid instability. 


The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 14dB, conversion power 
gain of 11dB, and input third-order intercept of -16dBm. The 


oscillator will operate in excess of 1GHz in L/C tank configurations. The demodulated output of the quadrature drives an internal op 
Hartley or Colpitts circuits can be used up to 100MHz for xtal amp. This op amp is configured as a unity gain buffer. It can drive 
configurations. Butler oscillators are recommended for xtal an AC load as low as 5kQ with a rail-to-rail output. 


CoMguralens Upon OMe: A jog signal strength indicator completes the circuitry. The output 


The output of the mixer is internally loaded with a 330Q resistor range is greater than 90dB and is temperature compensated. This 
permitting direct connection to a 10.7MHz ceramic filter. The input log signal strength indicator exceeds the criteria for AMPs or TACs 
resistance of the limiting IF amplifiers is also 330Q. With most cellular telephone, and RCR-28 cordless telephone. This signal 
10.7MHz ceramic filters and many crystal filters, no impedance drives an internal op amp. The op amp is capable of rail-to-rail 
matching network is necessary. To achieve optimum linearity of the output. It can be used for gain, filtering, or 2nd-order temperature 


log signal strength indicator, there must be a 3dB insertion loss compensation of the RSSI, if needed. 
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PIN FUNCTIONS 


if REIN | +1.07 
RF 
Bypass | +107 
XTAL 
3 Osc +1.57 
XTAL 
osc +2.32 
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PIN FUNCTIONS (continued) 


PIN PIN 
fal sien ey EQUIVALENT CIRCUIT Eee iiienoae OO, EQUIVALENT CIRCUIT. 


LIMITER IF 
OUT AMP ouT | *1-22 


LIMITER IF AMP 
DECOUP DECOUP 


LIMITER 
COUPLING | *1-23 
LIMITER |. IF AMP 
14 i 41.23 SeeBue Ines 
| 15 GND : 
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R1 


R2 
R3 


R5 
R6 
R7 


R8 
R9 


R10 
R11 


*NOTE: 





MIXER 
IF/LIM OUT 


8.2kQ select 
6.42kQ 
347.80 
49.9 

1kQ 

49.9Q 
6.42kQ 


347.80 
49.9 


1kQ 
49.92 








C1 
C2 
C3 
C4 
C5 
C6 
*C7 
C8 
C9 
C10 
C11 
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0.1uUF C12 
1-5pF select for input match C13 
0.1),F C14 
0.1uF C15 
1—5pF select for input match C16 
100pF C17 
6.8uF 10V C18 
1)F C19 
39pF select C20 
0.1F C24 
0.1.F 


This value can be reduced when a battery is the power source. 


Figure 1. SA626 240.5MHz (RF) / 10.7MHz (IF) Test Circuit 
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Automatic Test Circuit Component List 


160pF select 
1000pF 
0.1uF 
1000pF 
0.1F 
0.1.F 
1000pF 
1000pF 
0.1uF 

1pF 
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FLT1 
FLT2 
FLT3 
FLT4 














150nH select for input match 
22nH select for input match 
47nH select for input match 
5.6u.H select for input match 


1.27-2.25uH select for mixer 
output match 


10.7MHz (Murata SFE10.7MA5-A) 
10.7MHz (Murata SFE10.7MA5-A) 


“C” message weighted 
Active de-emphasis 
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10.7MHz 
FLT4 


C1 
SMA 5~30pF 


REIN 240MH 




















































































































































































4 
f 33nH 
_ *. C2 
= 22pF 
{| 4 MIXER OUT 
H+ 65 
one | IF AMP 
RF BYPASS 
7 DECOUPLING 
= XTAL 
OSC (EMITTER) ena 
SMA C5 C4 
pa eee 5-30pF 1.0nF 
e zZ , | 
os XTAL IF AMP 
“he | 41 ose (BASE) DECOUPLING 10.7MHz 
FLT1 
ce —+ 
39pI 47nH 
Vcc 
RSS] FEEDBACK GROUND 
RSSI OUT LIMITER IN 
PD CTRL LIMITER DEC 
AUDIO OUT LIMITER DEC 
LIMITER OUT hee ee 
C14. | C15 
SA626/636 OTF | O.1nF 
, {[- EL 
C13 = = 
4.7pF 
PWR DWN CTRL 
—- R4 Sou ‘ 
12k A 5.6uH 
- 39pF 
< AUDIO ° — 
Stes = C12 














|| 


] 





NOTE: For SA626 C10 and R3 are not required. 








Figure 2. SA626 240MHz (RF) / 10.7MHz (IF) Application Circuit 
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RF GENERATOR 
240MHz 


LO / GENERATOR 
229.3MHz | 


SA626 DEMO BOARD 
RSSI_ AUDIO 
O QO) 









C-MESSAGE 


DE-EMPHASIS 
FILTER 


HP8903A DISTORTION 
@ SCOPE ANALYZER 


Figure 3. SA626 Application Circuit Test Set Up 


DC VOLTMETER 




















_| 

NOTES: | 

1. C-message: The C-message and de-emphasis filter combination has a peak gain of 10 for accurate measurements. Without the gain, the 

measurements may be affected by the noise of the scope and HP8903A analyzer. The de-emphasis filter has a fixed -6dB/Octave slope 

between 300Hz and 3kHz. 

Ceramic filters: The ceramic filter can be SFE10.7MA5-A made by Murata which has 280kHz IF bandwidth. 

RF generator: Set your RF generator at 240.000MHz, use a 1kHz modulation frequency and a 125kHz deviation. 

Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.54uV or —112dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

RSSI: The smallest RSSI voltage {i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 

design. If the lowest RSSI voltage is 500mV or higher, it means the receiver is in regenerative mode. In that case, the receiver sensitivity 

will be worse than expected. 

7. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 0.1u.F bypass capacitor on the 
supply pin improves sensitivity. 


OO: ie 
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SA626DK ee eee 
10.7MHz IF 

















BOTTOM VIEW (SSOP) BOTTOM VIEW (SOL) - 


Figure 4. SA626 Demoboard Layout (Not Actual Size) | 
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Author: Yanpeng Guo 
ABSTRACT 
To assist Philips Semiconductors customers in digital cellular and 
wireless/PCS system design, a Philips FM/IF system-based 
GMSK/GFSK demoboard has been developed based on CT-2 
specifications. This application note presents a detailed description 
of this board including circuits, design information, and measured 
BER performance. The circuit diagram, component list, and board 
layout are also included. 


INTRODUCTION 

In order to meet the rapidly increasing demand for mobile radio and 
wireless/PCS services, digital cellular and digital wireless systems 
have become the new generation of mobile communications for 
higher capacity. It is a new challenge for engineers to find IC 
solutions for these digital wireless applications. 


In worldwide digital cellular, wireless/PCS standards, GMSK/GFSK 
modulation techniques have been widely employed as illustrated in 
Table 1. In order to assist the applications of Philips ICs in these 
digital systems, a Philips FM/IF system-based GMSK/GFSK 
demoboard has been developed. The purpose of this application 
note is to provide a detailed description of this board, to help 
customers achieve the best performance using Philips SAG26, and 
also to provide suggestions for the applications of other Philips 
FM/IF systems. 


Table 1. A Summary of Digital Cellular and 


Cordless Standards 
[Bit Rate _| Ch. Spacing 





[Standard [Access [Modulation 

[S54 [TOMA [w&DQPSK [4K [S0KH2 
asm [Towa [GMs [270K [200K 
GFsK 


This application note is organized as follows: 










® introduction. 


® Review of GMSK/GFSK modulation: advantages of GUSK/GFSK 
modulation techniques and implementation methods. 


® Overview of the demoboard: general block diagram and detailed 
description of each part of the board. 


® BER measurements: measurement set-up, procedures, and 
measured results. 


® Questions & Answers. 


REVIEW OF GMSK/GFSK MODULATION 


GMSK(Gaussian Minimum Shift Keying) is a premodulation 
Gaussian filtered binary digital frequency modulation scheme with 
modulation index of 0.5. The following features make GMSK very 
suitable for digital cellular and wireless applications. 


1. Constant envelope: this allows the operation of Class-C RF 
power amplifiers to achieve higher system power efficiency. 


2. Narrow power spectrum: narrow mainlobe and low spectral tails 
keep the adjacent channel interference to low levels and achieve 
higher spectral efficiency. 


3. Coherent/non-coherent detection capabilities. 
4. Good BER performance. 
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GMSK modulation can be implemented in two ways. The most 
straightforward way is to transmit the data stream through a 
Gaussian low-pass filter and apply the resultant wave form to a 
voltage controlled oscillator (VCO) as shown in Figure 1. The output 
of the VCO is then a frequency modulated signal with a Gaussian 
response. The advantage of this scheme is the simplicity, but it is 
difficult to keep an exact modulation index of 0.5 with this scheme. 


Therefore, VCO implemented GMSK is usually used in 
non-coherent detection systems such as DECT and CT2. 





m=0.5 


| | | % « Modulated 
Gaussian ae , Signal 
Ba LPF odulator 


Figure 1. VCO Implemented GMSK Modulator 


GMSK signals can also be generated using a quadrature modulation 
structure. Consider the phase modulated signal given by: 


s(t) = cos[mct + 9(t)] (EQ. 1) 


This can be expanded into its in-phase and quadrature components, 
s(t) (EQ. 2) 


cos[p(t)] cos(wot) — sin[(t)] sin(wet) 
The quadrature modulator is based on Equation (2). The 
implementation of such a GMSK modulator is shown in Figure 2. 
The incoming data is used to address two separate ROMs which 
contain the sampled versions of all possible phase trajectories within 
a given interval. After D/A conversion, the output of each ROM is 
applied to the I/Q modulator. The output is the GMSK modulated 
signal. This implementation scheme provides an exact modulation 
index of 0.5, which allows coherent detection. 


GFSK (Gaussian Frequency Shift Keying) is also a premodulation 
Gaussian filtered digital FM scheme, but without the restriction of 
modulation index to be 0.5. The block diagram of GFSK modulator 
is the same as shown in Figure 1, but the modulation index can be 
specified according to the applications. 












Modulated 
Signal 


PCD5070 





Figure 2. I/Q Implemented GMSK Modulator 





GMSK signals can be demodulated in three ways: 1.) FM 
discriminator detection, 2.) differential detection, and 3.) coherent 
detection. The coherent detection scheme has the best BER 
performance, but is only suitable for |/Q structure based GMSK 
systems (Ref 6.). The differential detection method has BER 
degradation even with complex impiementation (Ref 7.). The 
limit/frequency discriminator structure is the simplest scheme 
suitable for both GMSK and GFSK applications. Therefore, the FM 
discriminator technique is widely used for GMSK/GFSK 
demodulation in digital cellular/PCS applications. Figure 3 presents 
the block diagram of an FM discriminator GMSK/GFSK demodulator. 
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Figure 3. Limit/Frequency Discriminator 
GMSK/GFSK Demodulator 


| Hard | 
i Limiter 














OVERVIEW OF THE GMSK/GFSK DEMOBOARD 
Figure 4 is the block diagram of a VCO/FM discriminator based 
GMSK/GFSK modem (modulator/demodulator), which also 
illustrates the structure of the Philips GMSK/GFSK demoboard. The 
demoboard contains the entire demodulator as well as the Gaussian 
low-pass filter (LPF) for the modulator. The input data stream is first 
premodulation filtered by the Gaussian LPF, then the filtered base 
band wave form is applied to an FM signa! generator with specific 
modulation index. The output is then the GMSK/GFSK modulated 
signal. After the limit/frequency discriminator detection, a Gaussian 
LPF is employed to eliminate noise. The output of the threshold 
detector is the regenerated binary data, which can be sent to a data 
error analyzer to evaluate the BER performance. 








” Figure 4. VCO/FM Discriminator GMSK/GFSK Modem 
(dotted line for the demoboard) _ 











RR eee s Weare ecto fh edie i 
Gaussian LPF 
On the demoboard, a 4th-order Gaussian LPF is implemented for 
both premodulation filtering and post demodulation filtering. The 
response function of this 4th-order filter can be expressed as (Rei 
4.): 
0? Wo" 
His) = =a — (EQ. 3) 














S? + 26,0,S + 0,2 S2 + 2f,a58 + wo? 


By looking up the Gaussian LPF poles table[4], with 3dB bandwidth 
normalized to unity, we have: 

WO, = 1.9086, ¢, = 0.7441; @, = 1.6768, (© = 0.9720 
This 4th-order Gaussian LPF is implemented with switched 
capacitor filters. The reason for using this scheme is that the LPF’s 
3dB bandwidth can be controlled by an external clock which allows 
generating GMSK signals with different BTb. To realize a 4th-order 
LPF, two stages of LMF100 are cascaded and operated at 


mode-3[5]. Figure 5 shows the circuit diagram for this mode. 





R4 















R2 3(18) 5(16) 
WA 


ieee 











Figure 5. Circuit Diagram of LPF with LMF100 at Mode-3 





For mode-3 LPF applications, the following formulas can be used 
to calculate the resistor values [5]: 
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Hor p®o 


ey ae ee ORO EQ. 4 
Me®) = S25 S0,/0 + a, ae 
where, Hop = (EQ. 5) 
1 
o, = {cuk). [Pe (EQ. 6) 
0 = \q00}" VR, ; 
o = (Bs). vRe (EQ. 7) 
R,) Ry 


Example: 
Step 1. Decide the gain and choose R value: 
For unity gain, we have 
Hoip = - R4/Ry = -1, i.e. R4 = Ry. 
For the first stage, we choose a convenient value for, 
input resistance: R+4 = Ry = 22kQ 


Step 2. Calculate R49: 


Compare (3) with (4), we have: 


oe, wo (ERY. Gf Bae 
ca cs Mae a 


By choosing f., = 100 times the 3dB bandwidth, we have 


VPs 


(EQ. 8) 


> Ry = 80.14kQ 


Step 3. Calculate Rys: 
From the comparison of (3) and (4), we also have, 


Q, = Pe - (F2). 


(2,) ~ \Rap 


Ry. ; 1 


Pe. cape Nae HEGO) 


Ry4 = 28.22kQ 


For ihe second stage, the resistor values can be calculated by the 
same procedures. For this exampie, they are: 


Rog = Rey = 22kQ 
Roo = 61.86kQ 
Roa = 18.98k2 


To obtain a good Gaussian LPF, the resistor values have to be 
adjusted with all input/output circuits connected. Baseband 
eye-diagrams and modulated power spectrum could be the 
references for the adjustment. The fina! values for this example are 
shown in the circuit diagram. 


FIM/IF System 

The Philips low-voltage high performance monolithic FM/IF system, 
SA626, is employed for demodulation on the GMSK/GFSK 
demoboard. SA626 was designed specially for wide bandwidth 
portabie communications applications, incorporating with a mixer/ 
oscillator, two limiting intermediate frequency amplifiers, quadrature 
detector, and audio and RSSI op amps. The RF section is similar to 
the famous SA605. The audio and RSS] outputs have amplifiers. 
With power down mode, SA626 will function down to 2.7V. Figure 6 
is the block diagram of SA626. Detailed information can be found in 
the data book and application note [1, 2, 3]. 
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Figure 6. Block Diagram of the FM/IF System SA626 














The GMSK/GFSK demoboard is designed for an RF frequency of CDPD (19.2 kb/s), SA605/625 family is recommended. For DECT 
45MHz, LO frequency of 55.7 MHz, and intermediate frequency of and other high data rate applications, SA636 and SA639 are the 
10.7MHz. For different RF frequency applications, the step-by-step recommended solutions. Data (audio) output bandwidth is the main 
matching circuits design procedure is presented in Ref. 1. limiting factor for high data rate applications. Table 2 presents a 

summary of the major characteristics of Philips FM/IF systems. The 
Although this demoboard is designed with SA626 based on CT-2 suggested maximum data rate for each part is an approximation 
specifications, Philips also provides FM/IF solutions for many other based on the baseband eye pattern. Higher data rate could be 
GMSK/GFSK systems. SA626 is specially designed for wide operated with some modifications or if more BER degradation is 
bandwidth applications. For lower data rate applications such as allowed. 


Table 2. Major Characteristics of the FM/IF Systems 





| | NE@O2604 | NEGOS | NEG25 | NEG2G | NEGSG | NEGSO* 
4.5-8V 4.5 - 8V 4.5-8V }  2.7-5.5V 2.7 - 5.5V 2.7 - 5.5V 
2.4/3.3MA @ 6V 5.7mA @ 6V 5.7mA @ 6V 6.5mA @ 3V 6.5mA @ 3V 8.3mA @ 3V 
-120dBn/.22uV | -120dBm/.22uV -120dBm/.22uV -112dBm/.54nV -111dBm/.54nV -111dBm/.54uV 
(RF: 45MHz, (RF: 45MHz, (RF: 45MHz, (RF: 240MHz, (RF: 240MHz, (RF: 240MEHz, 
IF: 455kHz, IF: 455kKHz, IF: 455kKHz, IF: 10.7KHz, IF: 10.7KHz, IF: 10.7KHz, 
1kHz tone, 1kKHz tone, 1kHz tone, 1kHz tone, 1kHz tone, 576kHz tone, 
8kHz Dev.) 8kHz Dev.) 8kHz Dev.) 7OKHz Dev.) 125kHz Dev.) 288kHz Dev.) 
Audio & Data pins |Audio & Data pins | Pin compatible Power down mode {Power down mode {Power down mode 
IF BW of 25MHz IF BW of 25MHz with NE605 Low voltage Low voltage Low voltage 
Matching for Matching for Fast RSSI Fast RSSI Fast RSS| Fast RSSI 
standard 455kHz | 455kHz IF filters IF BW of 25MHz IF BW of 25MHz IF BW of 25MHz IF BW of 25MHz 
IF filters Matching for Int. RSSI & Audio jInt. RSSIlop amp _— |{Int. RSSI op amp 
455kHz IF filters op amp Wideband data Wideband data 
Matching for out out 
10.7MHz IF filters | Matching for | Post detection 
10.7MHz IF filters | amp 
Matching for 
10.7MHz IF filters 
100kb/s 100kb/s 100kb/s 300kb/s 1.5Mb/s _ 2Mb/s 
NOTES * Objective specifications. 
** Approximated maximum data rate. With some modifications, higher data rate might be operated. | 
Threshold Detector and Data Regeneration The symbol timing recovery (STR) circuit is not implemented on this 
A 2-level threshold detector with sampling time adjustment circuits is demoboard. The transmitting data clock should be either hard-wire 
implemented for data regeneration as shown in the circuit diagram. connected from the transmitter, or obtained from a separate STR 
The output base band signal (eye-diagrams) from SA626 is first fed circuit for operation. The measured performance presented in this 
into a comparator (LM311) to generate a TTL logic signal which is paper is conducted with hard-wire connected data clock. However, 
then sampled with the data clock at the transmitting bit rate. The BER degradation caused by STR should be no more than 1dB (Ref 
phase of the data clock can be adjusted manually through a 8.). 


monostable multivibrator (74HC123) to achieve the optimal sampling 
time. The demoboard is initially adjusted for a bit rate of 72 kb/s. If 
a different data rate is used, the sampling time has to be 
re-adjusted. 
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PERFORMANCE MEASUREMENTS 

The performance of this GMSK/GFSK demoboard including receiver 
sensitivity and BER is experimentally evaluated. BER performance 
is evaluated based on CT-2 specifications. Measurement 
procedures and the measured results are presented in this section. 


Measurement Set-up 

Figure 7 illustrates the measurement set-up with the GMSK/GFSK 
demoboard. A data error analyzer is employed_.to generate a 
pseudo random binary sequence (PRBS) with length of 109-1 ata 
data rate of 72kb/s. This data sequence is sent to the Gaussian LPF 
on the board for premodulation filtering. The output Gaussian filtered 
base band signal is then applied to an FM signal generator as the 
modulating signal. ‘Tg generate a GMSK modulated signal 
(modulation index = 0.5) at a bit rate of 72kb/s, frequency deviation 
of the FM signal generator needs to be set at 18kHz. The output 
from the generator is then a GMSK modulated signal (at 45MHz ). 
Another signal generator is employed to provide an LO signal at 
55.7MHz for the FM/IF system detection. 


After FM discriminator detection, the output base band signal is fed into 
another Gaussian LPF on the board to eliminate noise. The 3dB 
bandwidth of both Gaussian LPFs is controlled by an external clock. 
This clock should be a square wave signal with TTL level. By controlling 
the frequency of this clock, different BTb can be achieved for certain bit 
rate. To have BTb equal 0.5 with bit rate of 72kb/s, the clock signalis set 
at3.6MHz (100 times the required 3dB bandwidth). The output from the 
LPF is then sent to the threshold detector for data regeneration. The 
data clock signal is taken directly from the data error analyzer. The 
sampling time can be controlled by adjusting VR2 in the circuit diagram. 
The recovered data sequence is fed back to the Data Error Analyzer for 
BER measurement. 








fo = 45MHz 
Af= 14 _ 22kHz fLO = 55.7MHz 
FM Signal 
Modulator} Generator 
Tx Data | 
Output RFIN LOIN 




















Gaussian FM 
LPF Detector |} 
SA626 


D = 0.5 
Gaussian } 
LPF 






















Output Timing 
Adjustment 









Data Clock 
Input 


LPF Clock 
nput 











Clock 
Generator’ 


f = 3.6MHz 








Figure 7. Measurement Set-Up with the GMSK/GFSK Board | 





Measurement Procedure and Results 


1. Measure SINAD at the audio output of SA626: use the same 
set-up as described above, but set RF = 45MHz, fm = 1kHz, 
Af = 8kHz; LO = 55.7MHz, -10dBm; the measured typical 
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sensitivity for 12dB SINAD should be about -110dBm. (See Ref 
1. for detailed SINAD measurement.) 


2. Check “LPF clock input”: this clock should be a TTL level 
signal with the frequency of 100 times the desired 3dB bandwidth 
of the LPF. For the data rate of 72kb/s and BTb = 0.5 LPF, the 
clock frequency is 3.6MHz (100 x 36KHZz). 


3. Check “Tx data input”: 72kb/s baseband NRZ signal. 


4. Measure “Tx data output’: Gaussian low-pass filtered 
baseband eye-diagram as shown in Figure 8. 


5. Check “data clock input”: 72kHz clock signal. 


6. Adjust sampling position: by adjusting VR2, set fhe rising 
edge of the clock at Pin 11 of Unit 4 (74HC74) to be at the center 
of the eye-diagram at Pin 2 of Unit 6 (LM311) in the circuit 
diagram. 


7. Measure BER with high RF level: set RF input signal level at 
-80dBm and -90dBm, LO signal level at -10dBm: error free. : 


8. Measure BER vs. RF input level curve: RF level: -94 ~ -104 
dBm, LO level: -10dBm, at each point, at least 100 errors have to 
be measured. Figure 9 presents the measured BER as a 
reference. 


QUESTIONS & ANSWERS 

Q. For the SINAD measurement, is it necessary to connect the 
whole system? 

A. Even though only part of the system is used to measure SINAD, 
it is recommended to connect the whole system because the RF 
part should be tested under the operating conditions. 


. Why is the DC current (Icc) very large when | measure the 
SINAD on SA626? 

A. Check the power supplies. Make sure both +5V and -5V are 

connected ali the time even though only +5V is needed for 

SA626. 


Q. Is it possible that SINAD is good, but BER is not good? 
A. Yes, because there are other factors affecting BER . 


. Is it possible that SINAD is bad, but BER is good? 
A. No. Good SINAD is a necessary condition to achieve good BER. 


Q. What are the main factors affecting BER? 
A. They are: 
Ty: TXEPE 
. FM deviation and RF signal level 
RF part sensitivity 
Rx LPF 
. Threshold detector 
. Sampling time 


Oaohwn 


. There are two “Rx Data Output” ports. Which one should be 
used? 

A. Two “Rx Data Output” ports are designed to provide 

convenience for different measurement conditions. Either one 

can be used if the BER analyzer has the Q/Q detection 

capability. 


. What needs to be done for higher RF frequency applications? 

A. First, RF and LO input matching circuits have to be redesigned 
at the desired frequency. Second, the layout of RF and LO input 
circuits might also need to be re-designed. The inputs should be 
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further away from each other and in different directions (not in 
parallel with each other) to provide better isolation. 
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Figure 9. BER of the GMSK/GFSK Demoboard 
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Figure 10. Circuit Diagram of the GMSK/GFSK Demoboard 
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Figure 11. GMSK/GFSK Demoboard Components Layout 


TOP VIEW | BOTTOM VIEW 
Figure 12. GMSK/GFSK Demoboard Layout 
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Table 3. Customer Application Component List for GMSK/GFSK Demoboard 
Part Reference Vendor Mfg Part Number 


Surface Mount Capacitors 


Part Description 


sv [cas SSSC«d aps cer 1208NPORE% ————«|_—<Garrel 
sv [074 
Ee 
Tant. chip cap B 9528 £107 
Tant. chip cap B 9628 H10% 
[ [Option | —*ees.car.caacaa oT COC~C“‘~‘~*~*~*~C~* eed ee Si 
Surface Mount Variable Capacitors . 

2 [ssor  [ [encz SSSCS=*diTimmercapacitor SSC Ket lect [Kyocera [OTZass0c-wi——C 


Surface Mount Resistors 


Pa fon CC*C Res. chip TOS TVEW#5% ——|—CGarrett_ [Rohm [MORT6JWOOOE | 
Pi fea | [Ret SSCSC*di Res. chip i20STVeWx6% ———«|—<Garreit_ [Rohm [MCRTBIWA20E 
[sro [RV Re6. Rao Res. chip 1208 eW25% |= Gaeett_[ Rohm [| MORTeIWisTE_—= 
Pa [eon [Re SSSC*di Res. chip Taos Tewz5% «| Garet_ [Rohm ‘| MORTBIWGSIE 
[2 [son [RATE SCCSC«*di Res. chip 200 TVeWit6% «| Garrett_| Rohm 
A 
[2 ism [Renee CC Resichip Taos Tfewae% «| Garrett [Rohm ‘| MORTOJWIO2E 
Pi fama RI9 SSCSCSC*driRS chip TOS TVeWasBH% ———SC*CGarett_[ Rohm [MORTAIWiEzE 
Ts [a [RSA R20 SC* Res. chip 1200 TeWi8% «|Get | Rohm [MORIGIWISoE_——*s 
Pe fem RevRstSSC*d Resch Tao Tvew% |; sGarret_|_‘Rohm 
Pt [eu ATCSCSC*di Res. chip te TVeW 36% =| ~Garrett_ | Rohm [MCRIBIW200E_——=s 
[2 feaca [Reso SSSC*d Res chip iz0eTVeWs5% ————=s«|;—sGaett_ | ‘Rohm [MCRTGIWOSSE_—C 
Pa fs [Re SSCSC*d Res chip T20e TTew5% Garett [Rohm [MCRTGIWSOSE_ 
Pa fee [RT RASSSC*d Res. chip T20S eWiS% «| SGarrett_ | Rohm | MORTAIWOGSE_—C 
Surface Mount Variable Resistors 

Pa fee SCSCSC*drSMVRESTRIMTTINZDORIH [Garett [Philips | ST-4TA502 

| 1 |500kK2 =| sd VR SM RES TRIM, 1 TRN +20% J-H Garrett Philips 
Surface Mount Inductors 

| 2 JO3H ff Chip Inductors-1800CS series Coilcraft. |  Coilcraft 
Surface Mount Variable Inductors 

Case = Astatbie SInductorS0GD type [_Diaikey 


Filters 


2 [rome [FUT SCOT TF filer THOKHe#G0KH2 [Murata [Murata [SFETO7WHYA 
Surface Mount Integrated Circuits 

re. «des SSCSCSC*diStche capacitor ter’ Hamilfon [National [UMFI00CWM 
Pi dd SCSCSCSC*di voltage mixer FTF RIQh ASST [Philips [Philips [SA626D_ 
Pa ape tiptiop Philips 
Pa [dT CdS C=C ua re-triggerable monostable Philips 
Pt TT SSCSCSCSCSC*di tage comparator Pin 
Miscellaneous 

Pe Ti «12, 8, 4,5, 6,7, JB [SMA gol connector ———=«d;«SNewark [EF Johnson 
r+] | | ___—‘'(Printedciroutboara=«;SPlips_ | Phitps  [GMSK/DowT0626 


78 Total Parts 
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DESCRIPTION PIN CONFIGURATION 

The NE/SA627 has faster RSSI rise and fall times. The NE/SA627 3 

, oe D, DK and N Packages 
is a high performance monolithic low-power FM IF system 
incorporating a mixer/oscillator, two limiting intermediate frequency 
amplifiers, quadrature detector, muting, logarithmic received signal RFIN ca 20 | MIXER OUT 
strength indicator (RSSI) with fast rise and fall time, voltage | RF BYPASS| 2 | 19 | iF AMP DECOUPLING 
regulator and frequency check/limiter out (—). The NE/SA627 also 
has an extra limiter output. This signal is buffered from the output of 




















the limiter and provides a negative (—) limiter output. This can be XTAL osc | 4 | IF AMP DECOUPLING 
used to provide a frequency check function. The NE/SA627 is MUTE|N rs | 16 | IF AMP OUT 
available in 20-lead dual-in-line plastic and 20-lead SOL 

(surface-mounted miniature package) and 20-lead SSOP (shrink Voc 6 

small outline package). | RSSIQUT 1414 LIMITER IN 
FEATURES ” MUTED AUDIO OUT| 8 | 113 | LIMITER DECOUPLING 
® Fast RSSI rise and fall times 3 QUADRATURE IN| g | 12] LIMITER DECOUPLING 







FREQ CHECK/ LIM OUT (-)|10 44] LIMITER OUT (+) 





@ Low power consumption: 5.8mA typical at 6V 





®@ Mixer input to >500MHz 
® Mixer conversion power gain of 13dB at 45MHz 
® Mixer noise figure of 4.6dB at 45MHz APPLICATIONS 


® XTAL oscillator effective to 150MHz (L.C. oscillator to 1GHz local © Digital cellular base stations 
oscillator can be injected) 


® 102dB of IF Amp/Limiter gain 


® High performance communications receivers 


@ Single conversion VHF/UHF receivers 


@ 25MHz limiter small signal bandwidth eSOK caer 


® Temperature compensated logarithmic Received Signal Strength @ He ievelne 
Indicator (RSSI) with a dynamic range in excess of 90dB 
® Audio output - mutable erspecirum alialyzer 


~ 
@ Low external component count; suitable for crystal/ceramic/LC euenentaton 


filters © FSK and ASK data recéivers 
® Excellent sensitivity: 0.22uV into 50Q matching network for 12dB ® Log amps 
SINAD (Signal to Noise and Distortion ratio) for 1kKHz tone, 8kHz Sa 
deviation with RF at 45MHz and IF at 455kHz og pane Ree CUreaLamp eaten 
® SA627 meets cellular radio specifications ® Digital cordless telephones 


@ ESD hardened 


ORDERING INFORMATION 
DESCRIPTION 




















[TEMPERATURE RANGE | ORDERCODE | OWGA 
4010 +85 
20-Pin Plastic Shrink Small Outline Package (SSOP) (Surface-mount) 
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BLOCK DIAGRAM 








QUAD 
DETECTOR 





























SYMBOL PARAMETER [RATING 


Vec Single supply voltage 


Storage temperature range -65 to +150 


Ta Operating ambient temperature range NE627_ 0 to +70 
SA627 -40 to +85 °C 
90 


Thermal impedance D package °C/W 
N package 75 °C/W 
DK package | . 117 °C/W 


DC ELECTRICAL CHARACTERISTICS 
Voc = +6V, Ta = 25°C; unless otherwise stated. 


SYMBOL PARAMETER 


Ve: = Power supply voltage range 
Tee [Beenie 





(OFF) 





Voc 
loc 
Mute switch input threshold 
(ON) 


November 3, 1992 643 


Philips Semiconductors RF Communications Products Product specification 


High performance low power mixer FM IF system 


with high-speed RSSI Nelonee! 


AC ELECTRICAL CHARACTERISTICS 
Ta = 25°C; Vac = +6V, unless otherwise stated. RF frequency = 45MHz + 14.5dBV RF input step-up; IF frequency = 455kHz; R17 = 5.1k; RF 
level = -45dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with C-message weighted filter and de-emphasis capacitor. 
Test circuit Figure 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical characterristics. 
The limits do not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of the listed 
parameters. 







LIMITS 











SYMBOL PARAMETER TEST CONDITIONS 










Mixer/Osc section (ext LO = 300mV) 

| fin | Input signal frequency 
fose 
[Noise figure at 45MHz 


Third-order input intercept point 


Conversion power gain 


RF input resistance 
RF input capacitance 
Mixer output resistance (Pin 20) 





on 
o 
a 
E 
=/< 
ry} i 
N | N 


ak, 
o>) 


f1 = 45.0; f2 = 45.06MHz 


ol 
i=) 


160 | 
Ro ae 
le ee 
p45 
|_250_| 





Matched 14.5dBV step-up 
50Q source 


por 
~] 


> 
~J 


Single-ended input 


ie) 
on 
a 


oh 
on 





IF section 
5022 source 


Paes] 


e>) 
N 
on 


50Q source 

Test at Pin 18 
80% AM 1kHz 
15nF de-emphasis 
RF level -118dB 


Input limiting -3dB, R37 = 5.1k 


[500 
i 4 
Audio level, Ryo = 100k 


© 
Ni 


110 


=a. 
Ol 
Oo 
nm 
oO 


3.5 
1.3 
30 
| SINAD sensitivity 
| THD Total harmonic distortion 


S/N Signal-to-noise ratio No modulation for noise 


IF RSSI output, Re = 100kQ! IF level = -118dBm 

IF level = -68dBm 

IF level = -18dBm 

IF frequency = 455kHz 

RF level = -56dBm 

RF level = -28dBm 

IF frequency = 10.7MHz 

RF level = -56dBm 

RF level = -28dBm 

IF frequency = 455kHz 

RF level = -56dBm 

RF level = -28dBm 

IF frequency = 10.7MHz 

RF level = -56dBm 

RFlevel=-2em [| 73 |_| ae eo 

ASStrange——=SSSCSC*d Rg = FOKMPIn’S —~| Ss oC a 

FASSiaccuracy _———=—S—=dg= ToOKPn’e «| Ss| ats | a 

IF input impedance ay ee ee oe 

iF output impedance ES CSS A OO 
ae ed 
oe — | 2 
2 ao 


oh 
© 



















IF RSS! output rise time 
(10kHz pulse, no 455kHz filter) 
| (no RSSI bypass capacitor) 






























IF RSSI output fall time 
(10kHz pulse, no 455kHz filter) 
(no RSSI bypass capacitor) 





Limiter input impedance kQ2 


Limiter output impedance Pin 10 or 11 


= Pin 10 o0r11withnoload | 280 
Limiter output level | | 3kQ load (min) mE 
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AC ELECTRICAL dated ial eli cL 


| [$pa 
UNITS 
IF section (continued) 


Muted audio output resis- 
tance 


RAF section (int LO) 
4. Va Voc, RF level = 
1. The generator source impedance is 50Q, but the NE/SA627 input impedance at Pin 18 is 1500Q. As a result, IF level refers to the actual 


NOTE: 
signal that enters the NE/SA627 input (Pin 8) which is about 21dB less than the "available power’ at the generator. 














LIMITS 
TEST CONDITIONS 








CIRCUIT DESCRIPTION network does not cause 12dB(v) insertion loss, a fixed or variable 
The NE/SA627 is an IF signal processing system suitable for resistor can be added between the first IF output (Pin 16) and the 
second IF or single conversion systems with input frequency as high interstage network. 


as 1GHz. The bandwidth of the IF amplifier is about 40MHz, with 
39.7dB(v) of gain from a 50Q source. The bandwidth of the limiter is 
about 28MHz with about 62.5dB(v) of gain from a 502 source. 
However, the gain/bandwidth distribution is optimized for 455kHz, 
1.5kQ source applications. The overall system is well-suited to 
battery operation as well as high performance and high quality 
products of all types. 


The signal from the second limiting amplifier goes to a Gilbert cell 
quadrature detector. One port of the Gilbert cell is internally driven 
by the IF. The other output of the IF is AC-coupled to a tuned 
quadrature netwerk. This signal, which now has a 90° phase 
relationship to the internal signal, drives the other port of the 
multiplier cell. 


Overall, the IF section has a gain of 90dB. For operation at 
intermediate frequencies greater than 455kHz, special care must be 
given to layout, termination, and interstage loss to avoid instability. 


The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 5dB, conversion gain of 
13dB, and input third-order intercept of -10dBm. The oscillator will 


operate in excess of 1GHz in L/C tank configurations. Hartley or The demodulated output of the quadrature detector is available at 
Colpitts circuits can be used up to 100MHz for xtal configurations. two pins, one continuous and one with a mute switch. Signal 

Butler oscillators are recommended for xtal configurations up to attenuation with the mute activated is greater than 60dB. The mute 
150MHz. input is very high impedance and is compatible with CMOS or TTL 
The output of the mixer is internally loaded with a 1.5kQ resistor mele: 2 

permitting direct connection to a 455kHz ceramic filter. The input A log signal strength completes the circuitry. The output range is 
resistance of the limiting IF amplifiers is also 1.5kQ. With most greater than 90dB and is temperature compensated. This log signal 
455kHz ceramic filters and many crystal filters, no impedance strength indicator exceeds the criteria for AMPs or TACs cellular 
matching network is necessary. To achieve optimum linearity of the telephone. 


log signal strength indicator, there must be a 12dB(v) insertion loss 


between the first and second IF stages. If the IF filter or interstage NOTE: dB(v) = 20log Vourt/Vin 
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-25d0B, -10dB, -29dB, -10.6dB, -36dB, 
1500/5002 PAD 50/502 PAD §29/502 PAD 50/502 PAD 156k/502 PAD 
po ) eo ie *) i=: @) 
50.5 96.5 | 51.5 51.7 
MN-o 
3889 7 2480 ‘ea 71.5 ‘i $4.3k 
7 1 C70l OR = C15 
~ tae ne ie ~ ry eos ra or eo — 
sw9 = FLT1 8 Sw eee SW5 
= ©23 C21 
—p-——w | £ 















































a = 
c3 7 © ext. Sy 
= LOC ae = 2305 
R3 R2 OSC ¢ 
—— 44.545 








VW —-@—— . WL 
45MHz Ree 

> —<e)45.06 

: : T. MHZ 


MINI-CIRCUIT ZSC2-1B 


‘Tf 


C1 
C2 
C5 
C6 
C7 
C8 
cs 
C10 
Cit 
C12 
C13 
C14 
C15 
C17 
C18 


100pF NPO Ceramic 

380pF NPO Ceramic 

100nF +10% Monolithic Ceramic 
22pF NPO Ceramic 

inF Geramic 

10.0pF NPO Ceramic 

100nF +10% Monolithic Ceramic 
10uF Tantalum (minimum) 
100nF +10% Monolithic Ceramic 
15nF +10% Ceramic 

0.1uF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 
10pF NPO Ceramic 

100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 


*NOTE: This value can be reduced when a battery is the power source. 























DETECTOR x 


MUTE 
































°o 
Vcc 


C21 
C23 
C25 
Fit 1 
Fit 2 
IFT 1 
Li 
L2 


X1 
R9 
R17 
R10 
R11 
R12 








° 


RSSI 
OUTPUT 


Figure 1. NE/SA627 45MHz Test Circuit (Relays as shown) 











"C” WEIGHTED | 


AUDIO 
MEASUREMENT 
CIRCUIT | 











AUDIO i 





FREQ CHK/ 
LIMITER OUT (-) 


Automatic Test Circuit Component List 


100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 
Ceramic Filter Murata SFG455A3 or equiv 
Ceramic Filter Murata SFG455A3 or equiv 
455kHz (Ce = 180pF) Toko RMC—2A6597H 
147-160nH Coilcraft UNI-10/142-04J08S 
0.8:H nominal 

Toko 292CNS-T1038Z 
44.545MHz Crystal 1CM4712701 
100k +1% 1/4W Metal Film 
5.1k +5% 1/4W Carbon Composition 
100k +1% 1/4W Metai Film (optional) 
100k +1% 1/4W Metal! Film (optional) 
3kQ +5% 1/4W Metal Film (optional) 
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45MHz 
INPUT 


Ci 
C2 
C5 
C6 
C7 
C8 
cg 
C10 
C11 
C12 
C13 
C14 
C15 
C17 
C18 





















































Product specification 
R17 
5.1K eis 
MUTE Voc _RSSI AUDIO = = FREQ CHECK/ 
OUTPUT LIMITER OUT (-) 














Application Component List 


100pF NPO Ceramic 

3S0pF NPO Ceramic 

100nF +10% Monolithic Ceramic 
22pF NPO Ceramic 

1nF Ceramic 

10.0pF NPO Ceramic 

100nF +10% Monolithic Ceramic 
10,.F Tantalum (minimum) * 
100nF +10% Monolithic Ceramic 
15nF +10% Ceramic 

150pF +2% N1500 Ceramic 
100nF +10% Monolithic Ceramic 
10pF NPO Ceramic 

100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 


C21 
C23 
C25 
Fit 1 
Fit 2 
IFT 1 
L1 
L2 


X1 
R9 
R17 
R5 
R10 
R11 


*NOTE: This value can be reduced when a battery is the power source. 
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100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 
100nF +10% Monolithic Ceramic 
Ceramic Filter Murata SFG455A3 or equiv 
Ceramic Filter Murata SFG455A3 or equiv 
455kHz (Ce = 180pF) Toko RMC-—2A6597H 
147-160nH Coilcraft UNI-10/1 42—-04J08S 
0.8:H nominal 

Toko 292CNS-T1038Z 
44.545MHz Crystal ICM4712701 
100k +1% 1/4W Metal Film 
5.1k +5% 1/4W Carbon Composition 
Not Used in Application Board (see Note 8) 
100k +1% 1/4W Metal Film (optional) 
100k +1% 1/4W Metal Film (optional) 


Figure 2. NE/SA627 45MHz Application Circuit 
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RF GENERATOR | NE627 DEMO BOARD 


45MHz 

















AUDIO 


DC VOLTMETER C-MESSAGE 
HP339A DISTORTION 
SCOPE ANALYZER 


Figure 3. NE/SA627 Application Circuit Test Set Up 


Voc (+6) 




















NOTES: 

1. C-message: The C-message filter has a peak gain of 100 for accurate measurements. Without the gain, the measurements may be 
affected by the noise of the scope and HP339 analyzer. 

2. Ceramic filters: The ceramic filters can be 30kKHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or 
16kHz CFU455Ds, also made by Murata (they come in black). All of our specifications and testing are done with the more wideband filter. 

3. RF generator: Set your RF generator at 45.000MHz, use a 1kHz modulation frequency and a 6kHz deviation if you use 16kHz filters, or 

8kHz if you use 30kHz filters. 

Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.22uV or -120dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

RSSI: The smallest RSSI voltage (i.e., wnen no RF input is present and the input is terminated) is a measure of the quality of the layout and 

design. If the lowest RSSI voltage is 250mV or higher, it means the receiver is in regenerative mode. In that case, the receiver sensitivity 

will be worse than expected. 

7. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10-15uF or higher value tantalum 
capacitor on the supply line is essential. A low frequency ESR screening test on this capacitor will ensure consistent good sensitivity in 
production. A 0.14F bypass capacitor on the supply pin, and grounded near the 44.545MHz oscillator improves sensitivity by 2-3dB. 

8. R5 can be used to bias the oscillator transistor at a higher current for operation above 45MHz. Recommended value is 22kQ, but should not 
be below 10kQ. 
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RF = 45MHz 
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High performance low power mixer FM IF system 


with high-speed RSSI 


Ge INPUT mee (dBm) 
Figure 4. NE627 Application Board at 25°C 
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Figure 5. NE/SA627 Rise Time 455kHz IF Frequency 
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Figure 6. NE/SA627 Fall Time 455kHz IF Frequency 
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Figure 8. NE/SA627 Fall Time 10.7MHz IF Frequency 
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DESCRIPTION 

The SA636 is a low-voltage high performance monolithic FM IF 
system with high-speed RSSI incorporating a mixer/oscillator, two 
limiting intermediate frequency amplifiers, quadrature detector, 
logarithmic received signal strength indicator (RSSI), voltage 
regulator, wideband data output and fast RSSI op amps. The 
SA636 is available in 20-lead SOL (surface-mounted small outline 
large package) and 20-lead SSOP (shrink small outline package). 


The SA636 was designed for high bandwidth portable 
communication applications and will function down to 2.7V. The RF 
section is similar to the famous NE605. The data output has a 
minimum bandwidth of 600KHz. This is designed to demodulate 
wideband data. The:RSSI output is amplified. The RSSI output has 
access to the feedback pin. This enables the designer to adjust the 
level of the outputs or add filtering. 


SA636 incorporates a power down mode which powers down the 
device when Pin 8 is low. Power down logic levels are CMOS and 
TTL compatible with high input impedance. 


APPLICATIONS 
® DECT (Digital European Cordless Telephone) 


® Digital cordless telephones 

® Digital cellular telephones 

® Portable high performance communications receivers 
@ Single conversion VHF/UHF receivers 

®@ FSK and ASK data receivers 

® Wireless LANs 


FEATURES 
®@ Wideband data output (600kHz min.) 


® Fast RSSI rise and fall times 

@ Low power consumption: 6.5mA typ at 3V 

®@ Mixer input to >500MHz 

® Mixer conversion power gain of 11dB at 240MHz 


® Mixer noise figure of 12dB at 240MHz 


ORDERING INFORMATION 





20-Pin Plastic Shrink Small Outline Package (Surface-mount) 
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DESCRIPTION TEMPERATURE RANGE ORDER CODE 
20-Pin Plastic Small Outline Large (SOL) package (Surface-mount) -40 to +85°C SA636D 0172D 


PIN CONFIGURATION 








D and DK Packages 











20 | MIXER OUT 


RF BYPASS 19| IF AMP DECOUPLING 


18 | IF AMP IN 


IF AMP DECOUPLING 


XTAL OSC (EMITTER) 
XTALOSC (BASE) 
146 | 1F AMP OUT . 


45 | GND 


144 | LIMITER IN 


Voc 

RSSI FEEDBACK 
RSSIQUT 
POWER DOWN CONTROL 13, LIMITER DECOUPLING 


42, LIMITER DECOUPLING © 
1] LIMITER OUT 


DATA OUT 
QUADRATURE IN 








® XTAL oscillator effective to 150MHz (L.C. oscillator to 1GHz local 
oscillator can be injected) 


® 92dB of IF Amp/Limiter gain 
® 25MHz limiter small signal bandwidth 


® Temperature compensated logarithmic Received Signal Strength 
Indicator (RSSI) with a dynamic range in excess of 90dB 


® RSS! output internal op amp 
® internal op amps with rail-to-rail outputs 


® Low external component count; suitable for crystal/ceramic/LC 
filters 


® Excellent sensitivity: 0.54uV into 50Q matching network for 12dB 
SINAD (Signal to Noise and Distortion ratio) for 1kKHz tone with RF 
at 240MHz and IF at 10.7MHz 


@ ESD hardened 
® 10.7MHz filter matching (830Q) 


@ Power down mode (Icc = 200A) » 





SA636DK 1563— 


-40 to +85°C 


853-1757 13150 
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BLOCK DIAGRAM 








| LIMITER, 











L GND 


MIXER 


QUAD 
, 7 | FAST 
ZS OSCILLATOR RSSI > @ 


wc. | \7 
B 
° 


"4 “2 3 " 4 "5 6 7 ad me) "10 


























ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING 
IN 


Voltage applied to any other pin ~0.3 to (Vec+0.3) 


Tste¢ Storage temperature range -65 to +150 
Operating ambient temperature range SA636 ~40 to +85 


NOTE: @ja, Thermal impedance D package 90°C/W 
DK package 117°C/W 





DC ELECTRICAL CHARACTERISTICS _ 
Voc = +3V, Ta = 25°C; unless otherwise stated. : 
LIMITS 


SYMBOL PARAMETER TEST CONDITIONS UNITS 


Powor supply volagerango | SCS a | dC 
OG current drain Pin =HIGH 


Pin 8 LOW 
fo Input current Pin 8 HIGH 
Pin 8 LOW 








Standby Pin 8 = LOW 
RSSI valid (10% to 90%) 
Power down time RSSI invalid (90% to 10%) 
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AC ELECTRICAL CHARACTERISTICS 

Ta = 25°C; Voc = +3V, unless otherwise stated. RF frequency = 240.05MHz + 14.5dBV RF input step-up; IF frequency = 10.7MHz; RF level = 
-45dBm; FM modulation = 1kHz with +125kHz peak deviation. Audio output with C-message weighted filter and de-emphasis capacitor. Test 
circuit Figure 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical characteristics. The 
limits do not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of the listed parameters. 


| | LIMITS 
SYMBOL PARAMETER 











TEST CONDITIONS 
















| | MIN | | MAX _| 
Mixer/Osc section (ext LO = 160mMVpns) 

[tin [inputsignalirequency—CCSC™C~CSCSCSSSCSC~*dSCi‘OSYSSSC*dS;COM 

[oso _[Extemaloscilator(bufey | SS CCCCTCSCdT SSSSC*d =O —~*Y SS —«Y:COM 
P([Noisesigure atzaomiz OT CSCSCSC~sSC“‘CS*'L' 2~=Od|S CO 8 
P_|Third-orderinputinterceptpoint_ | Matched fi=240.05f2=240.amhz | ‘| 16 | _—_—'|_dem_| 
[__[Conversionpowergain ——=—=SSCSC*d;CSC*CMatchoh14.5dBVstepp | 8 | _7__| 14 | a8 
———— 
[RFinputcapactance SCTSTTTTCTC~dT SCSCSC~‘dY~SSCdTSSCdYC 
[Mixer outputresistance———SSSC*dT~SSSSSCSCeCCSC*dESC“‘“‘SC‘YL MO™=CSNSC“‘(<CS*YLC CC; 
[i[irampgainSSC*~<“—*~*~*~s—ssCSC“‘(CSC#C#SOODTO:SSCSC~*~“‘“RSSO#S*CR~SC(‘S’}SC<‘*:”C“‘COC*CL=COC~CW 
[fimitergain —SSCS~*~—“~*~dSC“‘CSN«#WOMOG:~SSC*C*C‘dSC“‘C#S#SCCOS:=COCTSCOC*dLC—Cd 
P_[inputiimiting-3gBSSSCS~wCSC*C‘“‘C*C‘éTstaUPnvwSSSC*dTSSCSCSC*«sdSCTOHSSSS*|C 
[_[aMreiecton —SSCSC~C“‘C‘C;C‘ OMA!” CTT 8 CdTSSC*«dSC BC 
Pp bataever CdS = 100K ——=«dL_—t0O—=d=C—=«TS—«d Vs 

[ [sdb databanawiath CT SSSSSCSC~SCSC~S SES SdYSSSC*idSC 
__[SINAD sensitivity ——SSSSSCSC~*dSC:*‘“‘*‘éRieeI=tnM S| SST SCC 
[THD [Totathamonicdistorion | SS TCCCSCSC~dCSC‘“‘C~‘dTS SCY YC 
SIN___[ Signal-to-noise ratio [_Nomoduiatnfornose | (| 60 | ‘| «8 _| 
[_—Fievel=-tveaam «| S| =o? | os =| Vid 
IF RSSI output with buffer [sFlevel=-secpm sd os | os | 10 | V | 







IF RSSI output rise time 

(10kHz pulse, no 10.7MHz filter) 

(no RSSI bypass capacitor) 

IF RSSI output fall time 

(10kHz pulse, no 10.7MHz filter) 

) a 

RsSirange 

[RSSlaccuracy |S ft 

IFinputimpedance PCS 330 | 
fe ey 
ees Ll 


IF frequency = 10.7MHz 
RF level = -56dBm 
RF level = -28dBm 
IF frequency = 10.7MHz 
RF level = -56dBm 
RF level = -28dBm 

















(no RSS! bypass capacitor 


IF output impedance 


Limiter input impedance 


Limiter output impedance fe ee a 
| Limiter output level with no load 


_ | RF/IF section (int LO) 
> ol System RSSI output RF level = -10dBm 


[system SINAD——SSSCSCSCSCSCSSCFlevel = - 10608 es 
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PERFORMANCE CHARACTERISTICS 
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PERFORMANCE CHARACTERISTICS (continued) 





tS 


op) 





RS 





RELATIVE TO AUDIO OUTPUT (dB) 
RSSI (V) 
RELATIVE TO AUDIO OUTPUT (dB) 








= 8 8 8 i a a = 8s & 5) s So 6 § 8 oe Of 
ae 7 i | =e | | | | j mn H { { 
RE INPUT LEVEL (dBm) RF INPUT LEVEL (dBm) 
Receiver RF Performance — T = 25°C, Receiver RF Performance — T = —40°C, 
Audio Level = 129mMVpys Audio Level = 118MVaus 
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—5 - RF level = -45 dBm —— 











At 


| 
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Temperature (°C) 





oO 





RF INPUT LEVEL (dBm) 
RSSI vs RF input Level and Temperature 





Mixer IIP3 at 240MHz vs Temperature and Supply Voltage 
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PERFORMANCE CHARACTERISTICS (continued) 
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600kHz Data Rate, _ 
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0.6 0.6 
a a 
$0.5 $05 
d a 
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Lu Ly 
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0.3 Eos 
Q a) i 
0.2 0.2 1kHz Data Rate, 
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0 | 0 
—40 0 25 70 85 
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PERFORMANCE CHARACTERISTICS (continued) 

















300 -——— 
0.8 ge — 
| | 
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Audio Reference Level vs Temperature and Supply Voltage 
Data Level vs Temperature and Supply Voltage 
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PIN FUNCTIONS 


PIN PIN 
fied siveumnie Ow EQUIVALENT CIRCUIT fe NEMONIG CDC’ EQUIVALENT CIRCUIT 
—e 


1 RF IN 


RF 
BYPASS 











RSSI 
FEEDBACK 




















2 +1.07 
































| BANDGAP | 
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PIN FUNCTIONS (continued) 


PIN PIN PIN 
chico OOe EQUIVALENT CIRCUIT fee MNEMONIC ‘bev EQUIVALENT CIRCUIT 








































































| ZN ZS 
| LIMITER | K : | IF KX 
( AMP OUT : > 140Q 
¢ —wv—+-116] 
a.ak ZN B.8k 7 
— — = = 
LIMITER IF AMP 
12 DECOUP +1.23 17 DECOUP +1.22 
LIMITER 
COUPLING, *1:29 
LIMITER | IF AMP 
14 IN +1.23 DECOUP +1.22 
| 
MIXER 
15 GND 0 | 20 Sur (4403 
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MIXER 


IF/LIM OUT IF/LIM IN 





i|}-« 





ig) [a7] fe fts)_ fra] fz] fa] 





Pee ee ee 


C3 C4 
i c 


OUT 
LO IN 





Automatic Test Circuit Component List 








R1 8.2kQ select C1 0.1pF C12 160pF select L1  150nH select for input match 
R2 6.42kQ C2 1-—5pF select for input match C13 1000pF L2 22nH select for input match 
R3 347.8Q C3 0.1uF C14 (0.1uF L3  47nH select for input match 
R4 49.90 C4 0.1uF C15 1000pF L4  5.6uH select for input match 
R5 1kQ C5 1-5pF select for input match C16 0.1)F L5 1.27-2.25u.H select for mixer 
R6 49.90 C6 100pF C17 (O.1uF output match 
se ae pes or 10V C18 = 1000pF FLT1 10.7MHz (Murata SFE10.7MAS5-A) 
a C19 = 1000pF FLT2 10.7MHz (Murata SFE10.7MA5-A) 

RQ 49.90 C9 39pF select C20 0.1uF eee ; 

R10 1kO C10 O4uF TH FLT3 C” message weighted 

Th C21 1pF FLT4 Active de-emphasis 
R11 49.90 C11 0.1uF 
*NOTE: This value can be reduced when a battery is the power source. 
Figure 9. SA636 240.05MHz (RF) / 10.7MHz (IF) Test Circuit 
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Figure 10. SA636 110.592MHz (RF) / 9.8MHz (IF) DECT Application Circuit 


662 





i-— 


inF 











Philips Semiconductors RF Communications Products Product specification 


Low voltage high performance mixer FM IF system 


with high-speed RSSI SA636 


Table 1. DECT Application Circuit Electrical Characteristics 
RF frequency = 110.592MHz; IF frequency = 9.8MHz; RF level = -45dBm; FM modulation = 100kHz with +288kHz peak deviation. 


Mixer/Osc section (ext LO = 160MVpns) . 
[PG [ConversionpowergainCSSCCSC“‘“CS*S*S*S*S*S*S*S*S*SCS~ésdYSC‘(‘RSNSCOC#CLSCOWBS CS 
[NF [NowseFigueattioMRe | SCSC~C“‘~S*S*s~sdYSC‘RSC*dSSCBSC 
Matched = 110.502;f2= "10892MHz [| 15 | dem 























[Rin _[RFinputresistance ss  SSC~—~iTSC;C;C;C;C~C‘;‘;CS;S™!STC~*dC‘OC*rYSCO CY 
[Cw _[RFinputcapacttance—SC*«dESC(“‘SSCCOC*C‘“(’SN#NCNNN’NNNW._ | 96 | oF 
IF section ‘ 
[diFampgain SOSC~“—~*~*~*~s—‘TSC“‘(CSN™C#OOOAGSSC=“‘COC*C#C”CO#‘#C®S*C*«dC;C~C«w@]CSCS 
[i[imteramp gain SSC*~<“—~*‘“RSC“‘C™COW#OODOOAGSSC~*=“‘COSN™SC#*d’SCO#‘CS*SOC*dSCO«@]SS 
[iBatateverSCS™~SCSSSCSC~*~*~R = KDSSCSC~*YSC*«iS Cd; 
«i sdBdatabandwithCOYSSSCSCS~—~—“—SSCSSOOC*YC 
RF/F section (internal LO) 

T__| System RSI output 
| Cd SystemS/NPO RF level = -83dBm ae ae ee a 





NOTE: 
1. 10dB S/N corresponds to BER = 10°°. 





RF GENERATOR SA636 DEMO BOARD 
110.592MHz 
RSSI__ DATA 
QO) Q) 


LO / GENERATOR 
120.392MHz 





DC VOLTMETER 


SPECTRUM 
ANALYZER 


Figure 11. SA636 Application Circuit Test Set Up 





NOTES: 

1. RF generator: Set your RF generator at 110.592MHz, use a 100kHz modulation frequency and a +288kHz deviation. 

2. Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

3. RSSI: The smallest RSSI voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 
design. If the lowest RSSI voltage is 500mV or higher, it means the receiver is in regenerative mode. In that case, the receiver sensitivity 
will be worse than expected. 

4. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 0.1pF bypass capacitor on the 
supply pin improves sensitivity. 
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| 10nF | 
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eeong 




















TOP SILK SCREEN (SSOP) 


120.392MHz 





TOP VIEW (SSOP) 


4DK638 4SA636D 


BV ASET:E | LI LI 





MADE IN USA_ | eee ‘Oooo00d| 


BOTTOM VIEW (SOL) 








BOTTOM VIEW (SSOP) 
Figure 12. SA636 Demoboard Layout (Not Actual Size) 
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CIRCUIT DESCRIPTION 

The SA636 is an IF signal processing system suitable for second IF 
or single conversion systems with input frequency as high as 1GHz. 
The bandwidth of the IF amplifier is about 4O0MHz, with 38dB of gain 
from a 50Q source. The bandwidth of the limiter is about 28MHz 
with about 54dB of gain from a 50Q source. However, the 
gain/bandwiadth distribution is optimized for 10.7MHz, 330Q source 
applications. The overall system is well-suited to battery operation 
as well as high performance and high quality products of all types, 
such as cordless and cellular hand-held phones. 


The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 14dB, conversion gain of 
11dB, and input third-order intercept of -16dBm. The oscillator will 
operate in excess of 1GHz in L/C tank configurations. Hartley or 
Colpitts circuits can be used up to 100MHz for xtal configurations. 
Butler oscillators are recommended for xtal configurations up to 
150MHz. 


The output of the mixer is internally loaded with a 330Q resistor 
permitting direct connection to a 10.7MHz ceramic filter for 
narrowband applications. The input resistance of the limiting IF 
amplifiers is also 330Q. With most 10.7MHz ceramic filters and 
many crystal filters, no impedance matching network is necessary. 
For applications requiring wideband IF filtering, such as DECT, 
external LC filters are used (see Figure 10). To achieve optimum 
linearity of the log signal strength indicator, there must be a 6dB(v) 
insertion loss between the first and second IF stages. If the IF filter 
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or interstage network does not cause 6dB(v) insertion loss, a fixed 
or variable resistor can be added between the first IF output (Pin 16) 
and the interstage network. 


The signal from the second limiting amplifier goes to a Gilbert cell 
quadrature detector. One port of the Gilbert cell is internally driven 
by the IF. The other output of the IF is AC-coupled to a tuned 
quadrature network. This signal, which now has a 90° phase 
relationship to the internal signal, drives the other port of the 
multiplier cell. 


Overall, the IF section has a gain of 90dB. For operation at 
intermediate frequency at 10.7MHz. Special care must-be given to 
layout, termination, and interstage loss to avoid instability. 


The demodulated output (DATA) of the quadrature is a voltage 
output. This output is designed to handle a minimum bandwidth of 
600kHz. This is designed to demodulate wideband data, such as in 
DECT applications. . 


A Receive Signal Strength Indicator (RSSI) completes the circuitry. 
The output range is greater than 90dB and is temperature . 
compensated. This log signal strength indicator exceeds the criteria 
for AMPS or TACS cellular telephone, DECT and RCR-28 cordless 
telephone. This signal drives an internal op amp. The op amp is 
capable of rail-to-rail output. It can be used for gain, filtering, or 
2nd-order temperature compensation of the RSSI, if needed. 


NOTE: dB(v) = 20log Vout/Vin 
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DESCRIPTION 

The SA637 is a low-voltage high performance monolithic digital 
system with high-speed RSSI incorporating a mixer, oscillator with 
buffered output, two limiting intermediate frequency amplifiers, fast 
logarithmic received signal strength indicator (RSSI), voltage 
regulator, RSSI op amp and power down pin. The SA637 is 
available in SSOP (shrink small outline package). 


The SA637 was designed for portable digital communication 
applications and will function down to 2.7V. The.limiter amplifier has 
differential outputs with 2MHz small signal bandwidth. The RSSI 
output has access to the feedback pin. This enables the designer to 
level adjust the outputs or add filtering. 


FEATURES 
® Voc = 2.7 to 5.5V 


® Low power receiver (3.8mMA @ 3V) 

® Power down mode (Icc = 110A) 

® Fast RSSI rise and fall times 

® Extended RSSI range with temperature compensation 
® RSS! op amp | 

@ 2MHz limiter small signal bandwidth 

@ 455kHz filter matching (1.5kQ) 


® Differential limiter output 


ORDERING INFORMATION 
DESCRIPTION 


20-Pin Plastic Shrink Small Outline Package (Surface-mount) 





BLOCK DIAGRAM 


PIN CONFIGURATION 





RFIN 

RFIN 

OSCE 

OSC B 

OSC BUFFER 
Vcc 

RSSI 

RSS! FEEDBACK 
POWER DOWN 
LIM OUT (-) 





DK Packages 














® Oscillator buffer 


® SSOP-20 package 


APPLICATIONS 


® ADC (American Digital Cellular) 


® Digital receiver systems 


® Cellular radio 





TEMPERATURE RANGE 


-40 to +85°C 
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MIXER OUTPUT 


IF AMP DECOUPLING 
IF AMP IN 





IF AMP DECOUPLING 
IF AMP OUT 

GND 

LIMITER IN: 

LIMITER DECOUPLING 
LIMITER DECOUPLING 
LIM OUT (+) 
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ABSOLUTE MAXIMUM RATINGS 


[symeol_[——~—~S~*~*~é ARATE CSC~C*~dSC<“‘“‘C*C*WRATINGSCOC™C*C*S | 


NOTE: Thermal impedance (0) = 117°C/W 







rs 


DC ELECTRICAL CHARACTERISTICS 
Vec = +8V, Ta = 25°C; unless otherwise stated. 


| TYP 


Power supply voltage range ‘eo 


Pee 
loc DC current drain Pin 9 = HIGH or OPEN ed, 
Voo=47V al 

| Pin 9=LOW | 


| __RSSl invalid (90% to 10%) 





AC ELECTRICAL CHARACTERISTICS 


Ta = 25°C; Vcc = +8V, unless otherwise stated. RF frequency = 90MHz; RF input step-up = +14.5dBV; IF frequency = 455kHz; RF level = 
-68dBm. Test circuit Figure 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical 
characteristics. The limits do not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of 
the listed parameters. we 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS MIN UNITS 


Mixer/Osc section 


input signal frequency ee eee 






+ 
E 
7 


















200 Mine 
[NF [Noise figure tsowHz ——~=~*~‘“rtC*~C*«‘R pate ———+SC*d ee Cd 
[Tor [Trirc-orderinputintercoptpant | _laputmatched to 502 source | | _i7_| | am 
a a 
[___[ Conversion powergain Matched 600 aaa Oe a eee 
[Gn [Winerinputcapactances Si SSCS iY 2 | id 
Four _|Mixeroutputresistance ———SC—C~iSSCCSCSCSCSCSCSCSY CdS tw 
[Buffered tO ouputievel __————=«d;SC*iO = ATnWerm THAC ONG | 100 | 300 | 500 | mWVep 
ce a Cen. een ees See ee 
[imiterpowergain «dt SCSC~*~«s SC ——SC~“~‘“;™SC*‘(RSSCOW*YsSCsiC 

[Fey [ramp bandwidth Pe 
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AC ELECTRICAL CHARACTERISTICS 











SYMBOL PARAMETER 





RF RSSI output 













RSSI accuracy 
RSSI ripple 
RSSI speed 

Rise time 








RSSI speed 
Fall time 





IF input impedance | 
{F output impedance 











Limiter input impedance 
| Limiter output impedance 
Limiter output signal level 
Limiter output DC level 
[| Diferential output atoning 
_ 












CIRCUIT DESCRIPTION 


Mixer 

The mixer has a balanced input and is capable of being driven 
single-ended. The input impedance is 2.5kQ in parallel with a 2.2pF 
cap at 9OMHz RF. The mixer output can drive a 1500Q ceramic 
filter at 455kHz or 600kHz directly without any matching required. 
The mixer conversion power gain is 7dB when both input and output 
are matched and optimum LO level is used to drive the internal 
mixer core. 


Oscillator and Buffer 

The on-board oscillator supplies the signal for the mixer 
down-conversion. The internally biased transistor can be configured 
as a Colpitts or Butler overtone crystal oscillator. The transistor’s 
bias current can be increased if desired by adding a shunt resistor 
from Pin 3 to ground. The oscillator’s buffered output (Pin 5) can be 
used as a feedback signal to lock the oscillator to an appropriate 
reference. 


IF Amplifier and |F Limiter 

The IF strip provides more than 95dB of power gain for the down 
converted signal. Its overall bandwidth is limited to 2MHz. The 
input and output impedance of the IF amplifier and the input 
impedance of the IF limiter are set to 1500Q (match to 455kHz 
filter). A second filter is connected between the IF amplifier and the 
limiter for improved channel selectivity and reduced instability. This 
ceramic filter provides 3dB interstage insertion loss which results in 
optimai RSSI linearity. The overall gain can be reduced if desired by 
adding an external attenuator after the IF amplifier. The differentia! 
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RF level = -118dBm 
RF level = 





RF level = -28dBm 


No interstage filter 
With interstage filter 


No interstage filter 
With interstage filter 


(Pin 10, Pin 11) 
(Pin 10, Pin 11) 1.5kQ AC load 
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~ LIMITS 


UNITS 


of 02 | = |v 
= 


-68dBm 


+1.5 


ee 


| Ny 
| 


ca 
nn 


NO 
NO 






o3) 
i=) 


— fp af 8 1. ine) 
of oto —) on 


ep 


| 





} 200 | 
280 
1.27 





| mVp.p 


3 
< 


+ 
(op) 


= 
< 





#30 


limiter outputs (Pins 10 and 11) are available for demodulator 
circuits. 


RSSI 


The received signal strength indicator provides a linear voltage 
indication of the received signal strength in dB for a range in excess 
of 90dB. The response time to a change in input signal is less than 
a few microseconds and the delay is kept to a minimum because of 
the use of a minimum phase shift circuit. Because of the speed of 
the RSSI circuit, the RSSI rise and fall time may, in practice, be 
dominated by the bandwidth of the external bandpass filter that is 
placed between the mixer and the IF, and the external filter placed 
between the IF amplifier and limiter. Since the RSSI function 
requires the signal io propagate through the whole IF strip, and the 
rise and fall time of the filters are inversely proportional to their 
bandwidth, there is a trade-off between channel selectivity and RSS| 
response. A possible solution is to use a second SA637 with wider 
band external filters for faster RSSI response. 


The RSSI curve is temperature compensated and in addition is 
designed for improved consistency from unit to unit. 


The RSSI circuit drives an on-chip low power op amp with rail-to-rail 
output which can be connected as a unity gain RSS! buffer or a gain 
stage or even a comparator. 


DC Power Supply 

The IC is designed for operation between 2.7 and 5.5V. A power 
supply dependent biasing scheme is used in the mixers to benefit 
trom the large headroom available at higher Vccs. 
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Supply Current vs Temperature 
and Supply Voltage 





SUPPLY CURRENT (mA) 








50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) 


Mixer Power Gain vs Temperature 
and Supply Voltage 


MIXER GAIN (dB) 





-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 96 
TEMPERATURE (°C) 


Oscillator Buffer Output Level vs Tempera- 
ture and Supply Voltage 


0.50 
0.45 
0.40 
eae ie ee oe sip ioe bee = Se eae 


nee epee ike 
eee alpen! AHHH 
es a 
ah ECEEE EEE 
A oc ode Pee aaa a Parad 


0.05 a 
50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 













MIXER GAIN (dB) 





TEMPERATURE (°C) 








October 27, 1993 





669 


POWER DOWN SUPPLY CURRENT (mA) 


-10,00 


OUTPUT POWER (dBm) 


-12.00 
-14.00 
-16.00 

-18.00 : 
-20.00 


-22.00 


THIRD-ORDER INTERCEPT POINT (dBm) 


Power Down Supply Current vs Temperature 
and Supply Voltage 


[oles ies elie tec ae aia] ea 
dee ee 
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Temperature and Supply Voltage 
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PIN PIN 
ie MNEMONIC EQUIVALENT CIRCUIT fe MNEMONIC| BC V EQUIVALENT CIRCUIT 


1 RF IN 





6 Voc +3.00 


BANDGAP 








RF 


VCC 

















RSSI 
ah 7 OUT +0.20 
ZX 18 
+1.79 
man rY MIX 
4 42.56 150A 
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8 | FEEDBACK| *9-20 


OSC 
BUFFER 





























+1.79 


a ge 
x POWER 
9 DOWN 








ItL—D 
oy 
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PIN] PIN 
mnemonic] 0 V 






PIN PIN 
EQUIVALENT CIRCUIT No. | MNEMONIC EQUIVALENT CIRCUIT 












LIMITER 


IF 
uae | ehe8 = a ;: Col eateries eee See 


— = 























LIMITER IF AMP 


DECOUP +1.28 17 DECOUP +1.28 


12 











LIMITER 
COUPLING 
































IF AMP 
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IN DECOUP 








15 GND 
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Figure 1. SA637 Automatic Test Circuit 
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48dB 32.2dB 48dB 32.2dB 
PAD PAD PAD PAD PAD 
aay ee) ime? co C4) umITeER © 
R49 R29 R32 R35 R37 
b 
Rag > RAZ ie ce 
ean ne ue 
= i C20 a or C27 — 
oer 
Swe == FLT © swe 
= (C26 C28 
- qh. inn 
20 19 18 ie 
| $ 
IF 
AMP 
MIXER 
OSCILLATOR 
RSSI FB 
+ -f/ LO + 
y A BUFF 
1 2 3 4 5 6 7 8 9 10 
Ct 
pare cae eS =c22 $7 tC > R50 
— — = C6 oes 
i | if ee ca C5 Ci ae ey 
L2 = — = R20 
o— g R17 
R2 oe 4 
L C3 —_ iL 
al al al elk R14 ale, 
: ~ - S R13 ‘|e12 3 ee 
R1 [ee - 
NG S | + ine = 
S Rs io 
O O o) oO O O 4) LIMITER 
= = Osc Vcc RSS| PWD OUT (-) 
LO OUT 
IN 
Automatic Test Circuit Component List 
C1 10nF C27 100nF R4 49.90 R32 49.90 R32 49.90 
C2 91pF C28 100nF R13 10kQ R33 13.7kQ R50 1kQ 
C3 620pF C29 100nF R14 10kQ R34 1.68kQ R51 49.90 
C4 100nF C30 100nF R16 10kQ R35 49.90 L2 62nH 
C5 100nF C31 100nF R17 1kQ R38 1kQ 
C6 10nF C32 100nF R20 10kQ R39 49.90 
C11 100nF C33 100nF R27 13.7kQ R45 49.90 
C20 100nF R1 249Q R28 1.68kQ R47) 2.43kQ 
C21 100nF R2 60.4Q R29 49.9Q R48 = 39.2kQ 
C26 100nF R3 60.4Q R31 1kQ R49 49.9 
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La * 
R5 * 
C1 
RF 
INPUT ae 
= C12 ate 
+ fs 
Oo Oo 2) O 
osc Vcc RSSI POWER LIMITER LIMITER 
OUT DOWN OUT(-) OUT(+) 
Component List 
C1 5-30pF eee arene R1 OPEN L1 0.15¥H PM20-R15M 
C2 5-30pF 40 niet R2 0 (short) L2  0.15.H PM20-R15M 
C3 0.1uF oe R83 1kQ L3  0.47uH PM20-R47M 
C4 0.1nF oe cae R4 1.0kQ L4 OPEN 
C5 04NF ae seer RS 2.0kQ L5 OPEN 
C6 Our Sie R6 510 FLT1 455kHz SFGCC 455BX-TC 
C7 10pF C15 1000pF R7 1000 FLT2 455kHz SFGCC 455BX-TC 
C8 Our R8 1002 X1_ 82.705MHz CTS XTAL 020-3249-042 
R9 OPEN 


*NOTE: These components are optional and depend on user matching requirements. 
Pads are provided on the demo board. 
R2 and R9 set the RSS! buffer gain. For unity gain short R2 (Pin 7 to Pin 8) 
and leave R9 open. 


Figure 2. SA637 Application Circuit 
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RSSI 
i LIMITER 
OUTPUT Voc = 3V 


SPECTRUM 
ANALYZER 


83.16MHz 












DC VOLTMETER 








Figure 3. SA637 Application Circuit Test Set Up 





NOTES: 

1. Carrier-to-Noise (C/N): Connect a spectrum analyzer to Pin 10 or 11; set your RF generator to 83.16MHz or 455kHz above your LO 

frequency, modulation off; set the spectrum analyzer resolution bandwidth to 300Hz; and adjust your RF input level until the C/N = 26dB. 

Use video averaging. Assure that LIMOUT(+) and LIMOUT(-—) are matched symetrically. 

Ceramic filters: The ceramic filter can be SFGCC455BX-TC made by Murata which has 30kHz IF bandwidth. 

Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.45n:V or -114dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

RSSI: The smallest RSSI voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 

design. If the lowest RSSI voltage is 500mV or higher, it means the receiver is in regenerative mode. In that case, the receiver sensitivity 

will be worse than expected. 

6. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 0.1uF bypass capacitor on the 
supply pin improves sensitivity. a 
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|S ee eee SS a oe ne 
Low voltage mixer FM IF system with filter amplifier SAG3 
and data switch 


DESCRIPTION PIN CONFIGURATION 
The SA6339 is a low-voltage high performance monolithic FM IF 
system with high-speed RSSI incorporating a mixer/oscillator, two 
wideband limiting intermediate frequency amplifiers, quadrature 
detector, logarithmic received signal strength indicator (RSSI), fast RFIN 
RSSI op amps, voltage regulator, wideband data output, post 
detection filter amplifier and data switch. The SA639 is available in 






















MIXER OUT 


RF BYPASS IF AMP DECOUPLING 


24-lead TSSOP (Thin shrink small outline package). XTAL OSC (EMITTER) IF AMP IN 

. IF AMP LIN 
The SA639 was designed for high bandwidth portable a BECOUERN 
communication applications and will function down to 2.7V. The RF Vcc IF AMP OUT 
section is similar to the famous NE605. The data output provides a RSSI FEEDBACK GND . 
minimum bandwidth of 1MHz to demodulate wideband data. The RSSI OUT LIMITER IN 


RSSI output is amplified and has access to the feedback pin. This 


enables the designer to level adjust the outputs or add filtering. POWER DOWN ONTROE 


LIMITER DECOUPLING 


DATA OUT LIMITER DECOUPLING 





The post-detection amplifier may be used to realize a low pass filter 
function. A programmable data switch routes a portion of the data POSTAMP IN 
signal to an external integration circuit that generates a data POSTAMP OUT 
comparator reference voltage. 


LIMITER OUT 
QUADRATURE IN 





SWITCH CONTROL SWITCH OUT 





SA639 incorporates a power down mode which powers down the 
device when Pin 8 is high. Power down logic levels are CMOS and 
TTL compatible with high input impedance. 





® XTAL oscillator effective to 150MHz (L.C. oscillator to 1GHz local 


APPLICATIONS oscillator can be injected) 


® DECT (Digital European Cordless Telephone) eee Ol Amp iniigi Powergen 


@ ES and ASK Gatateccivers @ 25MHz limiter small signal bandwidth 


® Temperature compensated logarithmic Received Signal Strength 
FEATURES Indicator (RSSI) with a dynamic range in excess of 90dB 


© Voc = 2.7 to 5.5V ® RSSI output internal op amp 


© Low power consumption: 8.3mA typ at 3V ® Post detection amplifier for filtering 


® Wideband data output ({MHz min.) ® Programmable data switch 


@ Fast RSSI rise and fall times ®@ Excellent sensitivity: 2.24uV into 50Q matching network for 10dB 
® Mixer input to >500MHz SNR (Signal to Noise Ratio) with RF at 110MHz and IF at 9.8MHz 
® Mixer conversion power gain of 12dB and noise figure of 11dB at © ESD hardened 

110MHz ® Power down mode 


ORDERING INFORMATION 


DESCRIPTION ___ | TEMPERATURE RANGE | ORDER CODE | DWG# | 
24-Pin Plastic TSSOP (Thin Shrink Smali Outline Package) -40 to +85°C SA639 SOT-355 
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BLOCK DIAGRAM 





























ABSOLUTE MAXIMUM RATINGS 


Voc Single supply voltage 
VIN Voltage applied to any other pin 
Operating ambient temperature range SA639 


NOTE: 6), Thermal impedance (DH package) 117°C/W 








PARAMETER 























DC ELECTRICAL CHARACTERISTICS 
Voc = +3V, Ta = 25°C; unless otherwise stated. 
LIMITS 


DC current drain Pin 8 = LOW, Pin 12 = HIGH 
Standby Pin 8 = HIGH, Pin 12 = HIGH 


| ' Pin 8 = LOW 
nput curren | Pin 8 = HIGH 


: 

el oes 
RSSI valid (10% to 90%) 

[ [Power up setting time 
Data Switch Control Input 

[| Switch closed 
|__| Switch open (output tri-state) 
im eee 
Le aa ana ge, 


Switch activation time 





NOTE: 
1. When the device is forced in power down mode via Pin 8, the Data Switch will output a voltage close to 1.6V and the state of the switch 
control input will have no effect. 
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AC ELECTRICAL CHARACTERISTICS 


Ta = 25°C; Voc = +8V, unless otherwise stated. RF frequency = 110.592MHz + 14.5dBV PF input step-up;LO frequency = 120.392MHz; IF 

frequency = 9.8MHz; RF level = -45dBm; FM modulation = 576kHz with +288kHz peak deviation, discriminator tank circuit Q=4. The parame- 
ters listed below are tested using automatic test equipment to assure consistent electrical characteristics. The limits do not represent the ulti- 

mate performance limits of the device. Use of an optimized RF layout will improve many of the listed parameters. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


Mixer/Osc section (ext LO = 160mMVprs) | 


in [put signal frequency TT 
fos¢ _| External osaiator buon ef 
Noise igure at THOM ee 


Third-order input intercept point pe oes i eon - 
RF input resistance Single-ended input 


Matched 14.5dBV step-up 
RF input capacitance ee 
Mixer output resistance (Pin 24) 


iFampgain OC 
timtergain OSS 
RF level = -45dBm, 80% AM 1kHz 


RL = 10kQ, C. = 30pF 
Data level (see application circuit) 


[Batabanawath—OSC—SSSCSCSCSSSSSSTSC |. 1 dT —* re 


: 3 ; RF level = -45dBm, 
: IF level = -100d8m ae ee 


IF RSSI output with buffer IF level = -45dBm Pe? 0.85 [= 06 = |) 
Flevel=-iedsn | 09 [13 [18 


IF RSSI output rise time IF frequency = 9.8MHz 
(10kHz pulse, no 9.8MHz filter) RF level = -45dBm 
(no RSSI bypass capacitor) RF level = -28dBm 
IF RSSI output fall time IF frequency = 9.8MHz 
(10kHz pulse, no 9.8MHz filter) RF level = -45dBm 


(no RSSI bypass capacitor) RF level = -28dBm 


0.2 
15 
11 
34 
50 
30 


RSSirangeSC~dSCSSCSC“‘“‘;S™C~C‘C‘~* 
RSSlaccuaySSC~—~iSCSSCSC“‘~;~;~*~S~*™ 
[iFinputimpedanceOPCSCSCSC~C—CSCSCSCS*S 
[iFoutputimpedanceSSC~iSCSSCSCSC~C~‘“‘;C;‘;*;*S~S~* 
[Limiterinputimpedance | 
[Limiteroutputimpedance |S 
[Limiteroutputlevelwithnooad | SSCSCSC~SY 
RF/F section (int LO) 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


| SYMBOL | PARAMETER 


Post detection filter amplifier 
Amplifier 3dB bandwidth 


AC coupled: Ry = 10kQ, 
Vout pc = 1.6V 


Slew rate AC coupled: Ry = 10kQ, C. = 3GpF 
Input resistance 


Amplifier gain 


< 
re) 


Input capacitance 
Output impedance 


Output load resistance AC coupled 


Output load capacitance! AC coupled 
DC output level@ 


+e) 


: 
DTIzx Tix 


=e 
N 


DC input voltage range? _ 
AC input swing 
Input impedance 


Input capacitance 
Output load resistance 
Through Mode (Pin 12 = LOW) 


AC voltage gain* 
Output drive capability | Sink/source, Vout pc = 1-6V 
Vour po = 1.6V 


Input offset voltages 
Tri-State Mode (Pin 12 = HIGH) 


[J Outputleakage current Vournc=1.2t020v TTT t00 Tn 


NOTES: 

. Includes filter feedback capacitance, comparator input capacitance. PCB stray capacitances and switch input capacitance. 
Demodulator output DC coupled with Post Detection Filter Amplifier input and the demodulator tank exactly tuned to center frequency. 
Includes DC offsets due to frequency offsets between Rx and Tx carrier and demodulator tank offset due to mis-tuning. 

With a 400mVp.p sinusoid at 600kKHz driving Pin 10. Output load resistance 500Q in series with 10nF. 

With a DC input and capacitor in the RC load fully charged. 





aponMs 
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CIRCUIT DESCRIPTION 

The SA639 is an IF signal processing system suitable for second IF 
or single conversion systems with input frequency as high as 1GHz. 
The bandwidth of the IF amplifier is about 40MHz, with 44dB(v) of 
gain from a 50Q source. The bandwidth of the limiter is about 


28MHz with about 58dB(v) of gain from a 50Q source. However, the. 


gain/bandwidth distribution is optimized for 10.7MHz, 330Q source 
applications. The overall system is well-suited to battery operation 
as well as high performance and high quality products of all types, 
such as digital cordless phones. : 


The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 11dB, conversion power gain 
of 12dB, and input third-order intercept of -12.5dBm. The oscillator 
will operate in excess of 1GHz in L/C tank configurations. Hartley or 
Colpitts circuits can be used up to 100MHz for xtal configurations. 
Butler oscillators are recommended for xtal configurations up to 
150MHz. 


The output of the mixer is internally loaded with a 330Q resistor 
permitting direct connection to a 10.7MHz ceramic filter. The input 
resistance of the limiting IF amplifiers is also 330Q. With most 
10.7MHz ceramic filters and many crystal filters, no impedance 
matching network is necessary. To achieve optimum linearity of the 
log signal strength indicator, there must be a 6dB(v) insertion loss 
between the first and second IF stages. If the IF filter or interstage 
network does not cause 6dB(v) insertion loss, a fixed or variable 
resistor can be added between the first |F output (Pin 16) and the 
interstage network. 


The signal from the second limiting amplifier goes to a Gilbert cell 
quadrature detector. One port of the Gilbert cell is internally driven 
by the IF. The other output of the IF is AC-coupled to a tuned 
quadrature network. This signal, which now has a 90° phase 
relationship to the internal signal, drives the other port of the 
multiplier cell. 


Overall, the IF section has a gain of 90dB. For operation at 
intermediate frequency at 10.7MHz. Special care must be given to 
layout, termination, and interstage loss to avoid instability. 


The demodulated output (DATA) of the quadrature is a low 
impedance voltage output. This output is designed to handle a 
minimum bandwidth of 1MHz. This is designed to demodulate 
wideband data, such as in DECT applications. 


Post Detection Filter Amplifier 

The filter amplifier may be used to realize a group delay optimized 
low pass filter for post detection. The filter amplifier can be 
configured for Sallen & Key low pass with Bessel characteristic and 
a 3dB cut frequency of about 800kHz. 


The filter amplifier provides a gain of OdB. The output impedance is 
less than 500Q in order to reduce frequency response changes as a 
result of amplifier load variations. The filter amplifier has a 3dB 
bandwidth of at least 4 MHz in order to keep the amplifier’s 
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frequency response influence on the filter group delay characteristic 
ata minimum. At the center of the carrier it is mandatory to provide 
a filter output DC bias voltage of 1.6V in order to be within the input 
common mode range of the external data comparator. The filter 
output DC bias voltage specification holds for an exactly center 
tuned demodulator tank and for the demodulator output connected 
to the filter amplifier input. 


Data Switch 

The SA6339 incorporates an active data switch used to derive the 
data comparator reference voltage by means of an external 
integration circuit. The data switch is typically closed for 10ys 
before and during reception of the synchronization word pattern, and 
is otherwise open. The external integration circuit is formed by an 
R/C low pass with a time constant of 5 to 10us. 


The active data switch provides excellent tracking behavior over a 
DC input range of 1.2 to 2.0V. For this range with an RC load (no 
static current drawn), the DC output voltage will not differ more than 
+5mvV from the input voltage. Since the active data switch is 
designed to behave like a non-linear charge pump (to allow fast 
tracking of the input signal without slew rate limitations under 
dynamic conditions of a 600kHz input signal with 400mVp.p and the 
RC load), the output signal will have a 340mVp.p output with a DC 
average that will not vary from the input DC average by more than 
+15mV. 


The data switch is able to sink/source 3mA from/to the external 
integration circuit in order to minimize the settling time after long 
power-down periods (DECT paging mode). In addition, during 
power-down conditions a reference voltage of approximately 1.6V 
will be used as the input to the switch. The switch will be in a low 
current mode to maintain the voltage on the external RC load. This 
will further reduce the settling time of the capacitor after power-up. 
It should be noted that during power-down the switch can only 
source and sink a tricklé-current (10.A). Thus, the user should 
make sure that other circuits (like the data comparator inputs) are 
not drawing current from the RC circuit. 


The data switch provides a slew rate better than 1V/us in order to 
track with system DC offset from receive slot to receive slot (DECT 
idle lock or active mode). When the data switch is opened the 
output is in a tri-state mode with a leakage current of less than 
100nA. This reduces discharge of the external integration circuit. 
When powered-down, the data switch will output a reference of 
approximately 1.6V to maintain a charge on the external RC circuit. 


A Receive Signal Strength Indicator (RSSI) completes the circuitry. 
The output range is greater than 90dB and is temperature 
compensated. This log signal strength indicator exceeds the criteria 
for DECT cordless telephone. This signal drives an internal op amp. 
The op amp is capable of rail-to-rail output. It can be used for gain, 
filtering, or 2nd-order temperature compensation of the RSSI, if 
needed. 


NOTE: dB(v) = 20log Vout/VIn 
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PIN FUNCTIONS All DC voltages measured with Pin 8 = Pin 12 = Pin 19 = OV, Pin 5 = 3V and Pin 9 connected to Pin 10 (see Figure 4). 


RSSI 
FEEDBACK| *2:29 


RSSI 
OUT 










RF 
BYPASS 


oe POWER 
DOWN 
XTAL DATA 
+2.32 
POST 
Voc +3.00 +1.70 
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PIN FUNCTIONS (continued) 


PIN PIN 
ie wicuenig| BOY EQUIVALENT CIRCUIT Fe) sivcnnac| BOX EQUIVALENT CIRCUIT 









POST 
AMP 
OUT 


11 











SWITCH 
CONTROL 


















SWITCH 21 


OUT 







































LIMITER 
OUT 
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17 | COUPLING 







LIMITER 


LIMITER 


LIMITER 







+1.22 


IF 


AMP IN +1.22 


IF AMP 
pECoup | +1-24 
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Figure 4. SA639 110.592MHz (RF) / 9.8MHz (IF) DECT Application Circuit 
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DESCRIPTION 

The SA676 is a low-voltage monolithic FM IF system incorporating a 
mixer/oscillator, two limiting intermediate frequency amplifiers, 
quadrature detector, logarithmic received signal strength indicator 
(RSSI), voltage regulator and audio and RSS! op amps. The SA676 
is available in a 20-pin SSOP (shrink small outline package). 


The SA676 was designed for cordless telephone applications in 
which efficient and economic integrated solutions are required and 
yet high performance is desirable. Although the product is not 
targeted to meet the stringent specifications of high performance 
celiular equipment, it will exceed the needs for analog cordless 
phones. The minimal amount of external components and absence 
of any external adjustments makes for a very economical solution. 


FEATURES 


© Low power consumption: 3.5mA typical at 3V 
® Mixer input to >100MHz 
®@ Mixer conversion power gain of 17dB at 45MHz 


@ XTAL oscillator effective to 100MHz (L.C. oscillator or external 
oscillator can be used at higher frequencies) 


@ 102dB of IF Amp/Limiter gain 
@ 2MHz IF amp/limiter small signal bandwidth 


@ Temperature compensated logarithmic Received Signal Strength 
Indicator (RSSI) with a 70dB dynamic range 


®@ Low external component count; suitable for crystal/ceramic/LC 
filters 


ORDERING INFORMATION 


DESCRIPTION 
20-Pin Plastic Shrink Small Outline Package (Surface-mount) 


BLOCK DIAGRAM 








PIN CONFIGURATION 








DK Package 





20 | MIXER OUT 





19 | IF AMP DECOUPLING 
18 | IF AMP IN 

IF AMP DECOUPLING 
46 | IF AMP OUT 


115 | GND 


14 | LIMITER IN 









AUDIO FEEDBACK 


AUDIO OUT | 8 113] LIMITER DECOUPLING 


RSSI FEEDBACK | 9 | }12 | LIMITER DECOUPLING 


QUADRATURE IN 10 | a LIMITER OUT 











TEMPERATURE RANGE ORDER CODE 
-40 to +85°C SA676DK 1563- 





® Audio output internal op amp 
® RSSI output internal op amp 
® Internal op amps with rail-to-rail outputs 


® ESD protection: Human Body Model 2kV 
Robot Model 200V 


APPLICATION 


® Cordless phones 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNITS 
Single supply woRage 


Thermal impedance DK package 117 





DC ELECTRICAL CHARACTERISTICS 
Veco = +3V, Ta = 25°C; unless otherwise stated. 















| UNITS 
Twin [TYP | WAX 

Power supply votage range a 0 
DC current drain | PF (C(t 8 5 













SYMBOL PARAMETER TEST CONDITIONS 






AC ELECTRICAL CHARACTERISTICS 

Ta = 25°C; Voc = +8V, unless otherwise stated. RF frequency = 45MHz; +14.5dBV RF input step-up; IF frequency = 455kHz; R17 = 2.4kQ 
and R18 = 3.3kQ; RF level = —45dBm; FM modulation = 1kHz with +5kHz peak deviation. Audio output with de-emphasis filter and C-message 
weighted filter. Test circuit Figure 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical 
characteristics. The limits do not represent the uitimate performance limits of the device. Use of an optimized RF layout will improve many of 
the listed parameters. 


LIMITS 
: te Cuts 
ysis iausipabataae iad [win] TYP MAX | 


Mixer/Osc section (ext LO = 220mVpms) 


| | Noise figure at 45MHz 
aa Third—order input intercept point (502 f1 = 45.0; f2 = 45.06MHz 

source) Input RF level = —-52dBm 

Conversion ower ga 
— 50Q source 

Sngle-endedipal 


RF input capacitance 
Mixer output resistance 
IF section 


| IF amp gain 50Q source 


AM rejection 30% AM 1kHz 
Gain of two 


| «| SINAD sensitivity IF level —110dBm 

[THD [Totaiharmonicdistorion S| SS CCCSCSCSC~dTSC‘“‘~‘i; CT SCC 

[SIN [Signatto-noiseratio __—_—=~=~S*«dNO modulation fornoise ———=SS«=SSS«d| =O «| SiS 
IF RSSI output, Re = 2k iFievel=-1100am_ SCT SCT 8 | TCV CS 

SS GS a 

[__|iFoutputimpedance——SSCinteSSCSC~—CsCSsSSCSC*‘iE(COSSS CC CdSC 

| =| Limiter input impedance | Paes. ase it ker ~ 


[Titer outputimpedanca rr a EC a 
Timer output votage Pin ee Oo 
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SYMBOL PARAMETER 


RF/IF section (int LO) 


TEST CONDITIONS 


Product specification 


SA676 


UNITS 
a 





| System SINAD sensitivity RF level=-t14dBm Yt 


NOTE: 


1. The generator source impedance is 50Q, but the SA676 input impedance at Pin 18 is 1500. As a result, IF level refers to the actual signal 
that enters the SA676 input (Pin 18) whichis about 21dB less than the “available power’ at the generator. 


CIRCUIT DESCRIPTION 

The SA6G/76 is an IF signal processing system suitable for second IF 
systems with input frequency as high as 100OMHz. The bandwidth of 
the IF amplifier and’limiter is at least 2MHz with 90cB of gain. The 
gain/bandwicdth distribution is optimized for 455kHz, 1.5kQ source 
applications. The overall system is well-suited to battery operation 
as well as and high quality products of all types. 


The input stage is a Gilbert cell mixer with oscillator. Typical mixer 
characteristics include a noise figure of 7.0dB, conversion gain of 
17dB, and input third-order intercept of -10dBm. The oscillator will 
operate in excess of 100MHz in L/C tank configurations. Hartley or 
Colpitts circuits can be used up to 100MHz for xtal configurations. 


The output impedance of the mixer is a 1.5kQ resistor permitting 
direct connection to a 455kHz ceramic filter. The input resistance of 
the limiting |F amplifiers is also 1.5kQ. With most 455kHz ceramic 
filters and many crystal filters, no impedance matching network is 
necessary. The IF amplifier has 44dB of gain and 5.5MHz 
bandwidth. The IF limiter has 58dB of gain and 4.5MHz bandwidth. 
To achieve optimum linearity of the log signal strength indicator, 
there must be a 12dB(v) insertion loss between the first and second 
IF stages. If the IF filter or interstage network does not cause 
12dB(v) insertion loss, a fixed or variable resistor or an L pad for 
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simultaneous loss and impedance matching can be added between 
the first IF output (Pin 16) and the interstage network. The overall 
gain will then be 90dB with 2MHz bandwidth. 


The signal from the second limiting amplifier goes to a Gilbert cell 
quadrature detector. One port of the Gilbert cell is internally driven 
by the IF. The other output of the IF is AC-coupled to a tuned 
quadrature network. This signal, which now has a 90° phase 
relationship to the internal signal, drives the other port of the 
multiplier cell. 


The demodulated output of the quadrature drives an internal op 
amp. This op amp can be configured as a unity gain buffer, or for 
simultaneous gain, filtering, and 2nd-order temperature 
compensation if needed. It can drive an AC load as low as 10kQ 
with a rail-to-rail output. 


A log signal strength indicator completes the circuitry. The output 
range is greater than 70dB and is temperature compensated. This 
signal drives an internal op amp. The op amp is capable of 
rail-to-rail output. It can be used for gain, filtering, or 2nd-order 
temperature compensation of the RSSI, if needed. 


NOTE: dB(v) = 20log Vout/VINn 
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Ci 


C12 


C8 
6 ' 10k 
oe C27 


- 2.2uF 
C10 t 2.2u 
C5 a = R19 
IFT1 
- . 11k 
45MH 
INPUT core | ax 


i|E-- 











= C19 
390pF C14 
° ° | 
‘ roel 4. Nee AUDIO = = 
SA676DK Demoboard 
Application Component List 

C1 51pF NPO Ceramic C23. 100nF +10% Monolithic Ceramic 

C2 220pF NPO Ceramic C26 100nF +10% Monolithic Ceramic 

C5 100nF +10% Monolithic Ceramic C27) = 2.2uF Tantalum 

C6 5-30pF trim cap FLT 1 Ceramic Filter Murata SFG455A3 or equiv 

C7 1nF Ceramic FLT2 Ceramic Filter Murata SFG455A3 or equiv 

C8 10.0pF NPO Ceramic IFT 1 336,.H TOKO 303LN-1130 

C9 100nF +10% Monolithic Ceramic L1 330nH Coilcraft UNI-10/142-04J08S 
C10 10uF Tantalum (minimum) * L2 0.8:H nominal TOKO 292CNS-T1038Z 
C12 2.2uF +10% Tantalum X1  44.545MHz Crystal ICM4712701 
C14 100nF +10% Monolithic Ceramic R5 Not Used in Application Board (see Note 8, pg 8) 
C15 10pF NPO Ceramic R10 8.2k +5% 1/4W Carbon Composition 
C17 100nF +10% Monolithic Ceramic R11 10k +5% 1/4W Carbon Composition 
C18 100nF +10% Monolithic Ceramic Ri7  2.4k 45% 1/4W Carbon Composition 
C19 390pF +10% Monolithic Ceramic R18 3.3k +5% 1/4W Carbon Composition 
C21 = 100nF +10% Monolithic Ceramic R19 11k +5% 1/4W Carbon Composition 


* NOTE: This value can be reduced when a battery is the power source. 





Figure 1. SA676 45MHz Application Circuit 
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Figure 2. SA676 Application Circuit Test Set Up 


NOTES: 

1. C-message: The C-message and de-emphasis filter combination has a peak gain of 10 for accurate measurements. Without the gain, the 
measurements may be affected by the noise of the scope and HP339A analyzer. The de-emphasis filter has a fixed -6dB/Octave slope 
between 300Hz and 3kHz. 

2. Ceramic filters: The ceramic filters can be 30kKHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or 
16kHz CFU455Ds, also made by Murata (they come in black). All specifications and testing are done with the wideband filter. 

3. RF generator: Set your RF generator at 45.000MHz, use a 1kHz modulation frequency and a 6kHz deviation if you use 16kHz filters, or 

8kHz if you use 30kHz filters. 

Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.45nV or —114dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

RSSI: The smallest RSSI voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 

design. If the lowest RSSI voltage is 500mV or higher, it means the receiver is in regenerative mode. In that case, the receiver sensitivity 

will be worse than expected. “ 

7. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10-15yF or higher value tantalum 
capacitor on the supply line is essential. A low frequency ESR screening test on this capacitor will ensure consistent good sensitivity in 
production. A 0.1uF bypass capacitor on the supply pin, and grounded near the 44.545MHz oscillator improves sensitivity by 2-3dB. 

8. R5 can be used to bias the oscillator transistor at a higher current for operation above 45MHz. Recommended value is 22kQ, but should not 
be below 10kQ. 


Oo 
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Figure 3. Icc vs Temperature and Supply Voltage 
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DESCRIPTION 

The SA1638 is a combined Rx and Tx IF I/Q circuit. The receive 
path contains an IF amplifier, a pair of quadrature down-mixers, and 
a pair of baseband filters and amplifiers. A second pair of mixers in 
the transmit path transposes a quadrature baseband input up to the 
IF frequency. An external VCO signal is divided down internally and 
buffered to provide quadrature local oscillator signals for the mixers. 


® High performance on-board integrated receive filters with 
bandwidth tunable between 50kHz to 1MHz 


@ Switchable alternative bandwidth setting available to allow 
channel bandwidth flexibility in operation 


® Designed for a widely used | and Q baseband GSM interface 


® Control registers power up in a default state 


A further divider chain, reference divider and phase detector are 
provided to avoid the need for an external IF synthesizer. Rx or Tx 
path or the entire circuit may be powered down by logic inputs. 
On-board voltage regulators are provided to allow direct connection 
to a battery supply. 


FEATURES 
® Direct supply: 3.3V to 7.5V 


® Optional DC offset trim capability to <200mV 


® Only a standard reference input frequency required, choice of 13, 
26, 39 or 52MHz 


= ® Fully compatibie with SA1620 GSM PF front-end 


APPLICATIONS 
®@ |F circuitry for GSM 900MHz hand-held units 


® IF circuitry for PCN (DCS1800) hand-held units 


® Two DC regulators giving 3.0V output 

® Low current consumption: 14mA for Rx or 18mA for Tx 
® Input/output IF frequency from 70-500MHz © Quadrature up and down mixer stage 
® Internal IF PLL for synthesizing the local oscillator signal 


PIN CONFIGURATION 
TQFP Package 


| 8 | GNDREG1 


a 
Zz 
S 
aa 


GNDREG2 | 4 | 


48—pin TQFP 





ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


SA1638BE 1706B_ | 





48-Pin Thin Quad Flat Pack (TQFP) | 
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RECOMMENDED OPERATING CONDITIONS 


[SYMBOL] PARAMETER —~—=S~*~SCS~CSSSCSCSC*iRATING”=SC*~*dS;~SC*NTTSS 
| V 
| V | 








Charge pump supply voltage 2.9 to 5.5 a aa 
Bator voage sa7s 
Operating ambient temperature range -40 to +85 


: “te 





BLOCK DIAGRAM 


VBATT 
VREGF2 


[Pon 
E VREG2 


i GNDREG2 


o 
uu 
x 
Q 
z. 
G 
py a 


5 PONRx cee 
© 


V REF 


pox | [ 
is BIAS TX | HDGIN 


ITx INX 


De) 


TxIFOUT 
oO 
TxIFOUTX QTx IN 





P VCOCTxRx QTx INX 


GNDS3 
GND1 IRxOUT 


RxIF IN IRxOUTX 


RxiF INX QRxOUT 
© 


O 
GNO2 QRxOUTX 


LOIN 
LO INX 


ADJ IN 


LOCK 
cP 
IREF 
PONPLL 


VoccP 
VeECP 
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PIN DESCRIPTIONS 
| Pin Name 
VREGI 
VREGF2 
VREG2 
GNDREG2 


_ Description 





Output voltage of regulator 1 

Feedback of regulator 2 

Output voltage of regulator 2 

Ground of regulator 2 

Power-on input for voltage regulators 1 and 2 (active high) 
Input voltage for regulators 1 and 2 

Control output (for SA1620 attenuation select A pin) 
Control output (for SA1620 attenuation select B pin) 
Reference resistor for DC offset circuit | 
Additional externa! current defining resistor for filters 
Principal external current defining resistor for filters 
Principal external current defining resistor for filters 
Power-on input for Rx (active high) 

Reference voltage 

In-phase differential receive baseband output 
In-phase differential receive baseband output 
Quadrature differential receive baseband output 

18 QRxOUTX Quadrature differential receive baseband output 

19 ITx IN In-phase differential transmit baseband input 

ITx INX In-phase differential transmit baseband input 


21 [OTxIN 
OTXINK 
PDT 
ecb 16 
35 [vec 1e 
26 | DATA [Seraldatainput 
ZT [CLOCK 
STROBE 
za [Lock 
30 [OLR NR 
Differential reference divider input 3 
a 
34 
35 [sr [Reference curentfor charge pump 
36 
a7 [oP [Charge pump output 
38 
50 
40 
41 
42 
43 
44 
45 
46 
47 | 


3 






VBATT 
7 AOUT 


~ | BOUT 
DCRES _ 






11 RESA 
12 ; RESB 
13 PONRx 
14 VReEF 
15 | IRxOUT 
| 16 IRXxOUTX 
17 QRxOUT 


—s 
© 












23 




















QO 
5 


=" 
pa 
_ 
O 
Cc 
= 
x< 


xFOUTX —_|DiferentialtransmilFouput SS OSOSOSOSCSSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSC*S 
[xFOUT | DiferentialtransmitiFouput SSCS” 


|VecTxRx _| Transmit and receive circuits supply voltage (also feedback of Regulator 1) 


GNDREG1 Ground of regulator 1 


E: There are no ESD protection diodes at Pins 41 and 42. Thus, open collector outpuis may have increased DC voltage or higher AC 
peak voltage. 


<j 
bal 
7 
Oo 
Cc 
=< 


<= 
QO 
QO 
a 
x< 
ae) 
< 





z 
4 
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ABSOLUTE MAXIMUM RATINGS 


[sywpoL_[—~—~=S~*~«é ARATE SCSC~C~*~“~™rCSCS*~“C~*iRATINGSOC*W 
[AVG [Any GND pinto anyotherGNDBin SSCS SSSC—SC~CS SC 
AX 


















[P| Power desipaton, Ta = 25°0 il al 
Maximum opeaing urcichtenperat 
ieximum power pout 
Storage temperature range —65 to +150 ieee 


NOTE: es as 
1. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 8ja. 48-pin TQFP: Oj4 = 67°C/W. 


Voltage Regulators x 
Ta = 25°C, Pon = 3V, PonRX = OV, PDTX = 3V, PDPLL = OV, Vaart = 3.3V, ILoap = 15mMA, Vraegi connected to VecTxRx, Vraeq2 connected to 
VreaF2; unless otherwise stated. 


SYMBOL PARAMETER TEST CONDITIONS 


[Min Typ [Max 













Ever oe 
a a TO 
Ttearreo [Pon= OV SSS cape orm dE dT id 
TCrect? [Vacctcapoad SSCS SSCS *Y 000 
[Crec®® [Vacs@caplosd SSCS SSS rt i800 
[sw [Bandwidts Sd id 00 i 
CLINEREG |Lneregulation _—————~«diC—Ci Vern aVioTeV | 04 |_| oa | % 
TLOADREG [Load eguiaion |  hoap= temAtosoma | =5 [| 5] % 


NOTES: 

1. At 1j2 150°C a thermal switch reduces the output current. 

2. Recommended load capacitors: In every case Caga1 = Cagg2 = 100nF to ground with series resistance <0.1Q. Additional capacitor 
optional <1000uF with series resistance <5Q. 

3. Feedthrough attenuation from the logic input Pon to the outputs Vaeq1 and Vreg2: 240dB. 
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DC ELECTRICAL CHARACTERISTICS 
VoecXXX = PONRx = PONPLL = +3V; VeeXXX = GND1 = GND2 = GND3 = PDTx = OV; Ta = 25°C, unless otherwise stated. 


LIMITS 
| SYMBOL PARAMETER TEST CONDITIONS 


Supply current 
o> Rx and IF synthesizer active | PONRx=PONPLL=PDTx=Hi | = | 14 | 17 | 


3 . PONRx = PDTx = Low; 
PONRx = PONPLL = Low: 


Reference volags ae —— 


Digital inputs (PDTx, PoyRx, PonPLL, Pon) 
High level input voltage range 2.0 Vv. 
[Vu [Lowlevelinputvotagerange | SSC‘ OSCdTSCCTC*dYCtS| CO 
Digital inputs (Clock, Data, Strobe) 
o7xvecdIG [| Veobig | V 
0 
Digital outputs (LOCK, AOUT, BOUT) 





AC ELECTRICAL CHARACTERISTICS 
VocXXX = PonRx = PonPLl =+8V; VeeXXX = GND1 = GND2 = GNDS = PDTX = OV; fig = 800MHZz; T, = 25°C unless otherwise stated. 


LIMITS 


IF Transmit Modulator 


input modulation bana anon source peters [ee 
|__| Input signal amplitude CenteredonVper(V) | = | Vaer/2 | Vrer/t.75 


)1TxIn | = 1 1TxiInxX | = 
THD Total harmonic distortion’ | QTxIn | = | QTxInX | = 
t+Vper/2 
Between pins: ITxIn and 
ITxInX or QTxIn and 10 kQ 
QTxInX 
10 pF 


At pins TxIFOUT and 
At pins TxIFOUT and 
























1 1TxIn | = 1 1TxinX | = 
Output current | QTxin | = | QTxInX | = 0.25 mArgms 
1TxIn | = 1 1TxinX | = 
LO suppression | QTxIn | = 1 QTxInX | = 
| ITxIn | = UITxinxX | = 
Sideband suppression | QTxIn | = | QTxInX | = 
|__| Equivalent input noise 
[ton _[ Turn ON time Cc SCSC~S 
| torr __| Turn OFF time 7 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


| | LIMITS 
| SYMBOL PARAMETER | | TEST CONDITIONS UNITS 


ee ae 
IF Receiver 
| RinRx _ | Differential input impedance fin = 400MHz Re ie oe 
are) 














Output common mode voltage 


; . 68kQ. resistor between pins | 
f3dB Low pass filter -3dB bandwidth RESA and RESB 72 | 0 | kHz 


VG 
ton 
loFF 


TROutrx [Outputimpedance 
T [Output 






Low pass filter attenuation: 
200kHz 
a ox 400kHz 
= 600kHz 
6.5MHz 

13.0MHz 


Voltage gain 


















| 68kQ external resistor 
| between RESA and RESB 














Differential output PD into 
GSM baseband relative to 
1200Q source EMF 


12000 source and external | _ | 
matching resistor and 5.8 
inductor 
Gain 1.0 dB 
Phase 5.0 degrees 


[output Be ortser Dierental | | 200 |_| _mv _ 


Input 1dB compression point: 
In band 
200kHz 1200Q source EMF dBV 
400kHz 
600kHz 


ia a or 
torr [Turn-offime | Ponfx=Vee | f- —5 |_| 1s _ 


IF Synthesizer 







NF Noise figure at minimum gain 


Channel matching: 


P.1dB 









Local osatatorinput requency ange [Sir dT —SCSC~*dC~«O 


Differential input impedance cae Va ae and Co tbd Loo QI pF 


[ee inpatrange: Referedioson | 300 |_| 660 


Programmable divider: | | 
Division range 511 
Step size 1 
fox _ | Reference clock input frequency Po 13, 26, 39 or 52 MHz 
| Zcikin — | Differential input impedance saa han inane 10 Il 1.0 


[Tet inpatsensiviy Referedtosoa |_| 200 | 
Charge pump inputreferencecurent | ———SCSC~dSSCSC~id Cid 


lop | 
Step size 0.071 


flo 

en ee oes | — 
Relative output current variation? IRE =31.2uA ar aa +10 % 
cP 

[ae [Seer ig a 


NOTES: 
Parameter measured relative to modulation sideband amplitude. 
After programming the DC offset register for minimum offset. 








Charge pump output current: 
70...C2 = 000 IREF =31.2HA, 0.5 
CO...C2 = 111 Vep = VecCP/2 1.0 








lout I(l, + 1,)1? 


2. 
, ey Al lp — | 
3. The relative output current variation is defined thus: — OUT _ 5 Mie). with V; = 0.3V, Vo = VecCP — 0.3V (see Figure 1). 
4, The output current matching is measured when both (positive current and negative current) sections of the output charge pumps are on. 
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CURRENT 


VOLTAGE 


Figure 1. Relative Output Current Variation 


FUNCTIONAL DESCRIPTION 


Serial Programming Input 

The serial input is a 3-wire input (CLOCK, STROBE, DATA) to 
program the counter ratios, charge pump current, status- and 
DC-offset register, mode select and test register. The programming 
data is structured into two 21-bit words; each word includes 4 chip 
address bits and 1 subaddress bit. Figure 2 shows the timing 
diagram of the serial input. When the STROBE = L, the clock driver 
is enabled and on the positive edges of the CLOCK the signal on 
DATA input is clocked into a shift register. When the STROBE = H, 


the clock is disabled and the data in the shift register remains stable. 


Depending on the value of the subaddress bit the data is latched 
into different working registers. Table 1 shows the contents of each 
word. 


Default States 

Upon power up (VccDIG is applied) a reset signal is generated, 
which sets all registers to a default state. These default states are 
shown in Table 1. 


Reference Divider 

The reference divider can be programmed to four different division 
ratios (:13, :26, :39, :52), see registers r0, r1; default setting: divide 
by 13. 


Main Divider 

The external VCO signal, applied to the LO and LOj,X inputs, is 
divided by two and then fed to the main divider (:N). The main 
divider is a programmable 9 bit divider, the minimum division ratio is 
divide by 64. The division ratio is binary coded and set in the 
registers nO to n8. The default setting is a divide by 400. 


At the completion of a main divider cycle, a main divider output is 
generated which will drive the phase detector. 


Phase Detector 

The phase detector is a D-type flip-flop phase and frequency 
detector shown in Figure 3. The flip-flops are set by the negative 
edges of the output signals of the dividers. The rising edge of the 
signal L will reset the flip-flops after both flip-flops have been set. 
Around zero phase error this has the effect of delaying the reset for 
1 reference input cycle. This avoids non-linearity or deadband 


around zero phase error. The flip-flops drive on-chip charge pumps. 
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A source current from the charge pump indicates the VCO 
frequency will be increased; a sink current indicates the VCO 


_ frequency will be decreased. 


Current Setting 

The charge pump current is defined by the current. set between the 
pin Ipner and Vgg. The current value to be set there is 31.2uA. This 
current can be set by an external resistor to be connected between 
the pin IReg¢ and Vgs. The typical value Rex (current setting 
resistor) can be calculated with the formula 


VogCP - 1.4V 
31.2pA 


The current can be set to zero by connecting the pin IRer to VecCP. 


Rext = 


Charge Pumps 

The charge pumps at pin CP are driven by the phase dectector and 
the current value is determined by the binary value of the charge 
pumps register CN = cO, c1, c2, default 1mA. The active charge 
pump current is typically: 


lop! = CN: 71pA + 500nA 


Lock Detect 

The output LOCK is H when the phase detector indicates a lock 
condition. This condition is defined as a phase difference of less 
than +1 cycle on the reference input CLKjjy, CLKiyX. 


Test Modes 

The LOCK output is selectable as a test output. Bits x0, x1 control 
the selection, the default setting is normal lock output as described 
in the Lock detect section. The selection of a Bit x0, x1 combination 
has a twofold effect: First it routes a divider output signal to the 
LOCK pin, second it disables mixer stages in the transmit path: 


fo] | starrer Lock pn 
| "mixer [o-mixer_ 


pO fo | normallockdetect_ | 


ag CLKin divided by reference 


divider ratio 





main divider output, that goes to 


the phase detector 


Power Down Modes 
There are 4 power-on pins in the SA1638: Pon, PonRx, PonTx, 
PonPLL. 


Pon = H powers up both voltage regulators Vagq1 and VarGe2. Pon 
should be set to L, if these internal voltage regulators are not to be 
used. 


PonRx = H powers up the receiver part. 
PonTx = L powers up the transmitter part. 


PonPLL = H powers up the synthesizer part. As it also powers up 
the first divide by 2 stage for generating the 0/90 degree phase 
shifted signals for the transmit and receive mixers, it also has to be 
set H if either the transmit part or the receive part is used. PoyPLL 
= L powers down the dividers, resets the phase detector and 
disconnects the current setting pin Iperf In PonPLL = L mode, the 
values in the serial input registers are still kept and the part still can 
be reprogrammed. 
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Table 1. Definition of SA1638 Serial Registers 


First data word: (shown with default values) | 


Address SA1638 par Ref + Reg Charge-Pump __| Synth Test 


Charge-Pump Register: | 3 bits, c0...c2, Binary current setting factor for charge pumps, values 000 = minimum current to 111 = 
maximum current, default rnaximum charge pump current 


Synthesizer-Test Register: | 2 bits, x0...x1, default 00 
00 lock detect at LOCK pin 
10 reference signal divided by the reference divider ratio at LOCK pin 
01 main input signal divided by 2 x (main divider ratio) at LOCK pin 
11 main divider output signal going to the phase detector at LOCK pin 


Second data word: (shown with default values) | 


Status DC Offset Register 
a la R Mode Select Register 


Ee eae eee aoe i Cae eee 
Address: | 4 bits, a0...a3, fixed to 1110 


Sub:Address: 1 bit, sa, fixed to 1 for second data word 


Status Register: | 2 bits, sO...s1, controls gain/attenuation settings of SA1620 data sheet, see Table 4, Gain Control Logic for 
LNA1 and LNA2 of the SA1620 data sheet. 


DC Offset Register: | 4 bits per channel, i0...i3 and q0...q3, no correction as default 
iO and qO switches offset polarity, 0 to lower voltage, 1 to higher voltage 
il...i8 and q1...q3, 000 no correction to 111 max. correction enabled 


Mode Select Register: | 6 bits, t0...t5, | 000000 = normal GSM-Operation as default 
Oxxxxx = Rx internal path AC coupled 
1xxxxx = Rx internal path DC coupled 
x0xxxx = Rx LO input applied 
X1xXxxx = Rx LO input replaced by DC offset 
xx00xx = LLL on 
xx01xx = LLL on with medium external tune (ADJ IN) 
xx10xx = LLL off 
xx11xx = LLL on with fine external tune (ADJ IN) 
xxxx00 = Rx LP filter 3dB BW = 80kHz (GSM) 
Xxxx11 = Rx LP filter 3dB BW = 580kHz 
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DATA 


> 
'su 'su 
50% , 
CLOCK 


su 





FIRST CLOCK 


STROBE ~ 


‘Ww 
50% 
CLOCK 


Figure 2. Serial Input Timing Sequence 


CLOCK ENABLED CLOCK 
SHIFT IN DATA DISABLED 
STORE DATA 


STROBE 


DIVIDER 


P-TYPE 
CHARGE PUMP 


Cp 


N-TYPE 
CHARGE PUMP 


Figure 3. Phase Detector Structure with Timing 
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PIN FUNCTIONS 


PIN 
i MNEMONIC EQUIVALENT CIRCUIT ee EQUIVALENT CIRCUIT 


—*]e me] 
ah 


| 


el 
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PIN FUNCTIONS (continued 


) 
DC V EQUIVALENT CIRCUIT PIN PIN | pcv EQUIVALENT CIRCUIT 
No. | MNEMONIC 
15 |. | 


as vecor | 0 | 












19, 20, 21, 22 












STROBE 


OPEN 
COLLECTOR 


LOCK 


N 
ie) 


—_ (=) 













OPEN 
COLLECTOR 





44] RxIFinX 


45 RxlIFin 
GNDi 
“ 


1e) 
Ne) 





ie) 
{oe 






$ 


December 14, 1994 704 


Philips Semiconductors RF Communications Products Preliminary specification 





Low voltage IF I/Q transceiver SA1638 









TO TRANSMIT/RECEIVE PARTS 


































VCO SUPPLY C14 
C20 
R22 
100pF 
Vetl -Y) — ADJIN 
OUT 7 | AOUT 
abe STATUS 
= REGISTER | BOUT 
=, LED 
LOCK TO SA1620 
ee ATTENUATION 
x D9 DC ADJUST CONTROL 
REGISTER LOGIC INPUTS 









Cp 






TE 
REGISTER 
















CHARGE PUMP PHASE DETECTOR 


“SYNTH 
| aii REGISTER 


13, :26, :39, :52 SERIAL INPUT 








4.7k IREF 
O 


C24 R23 
51k 







PO 
© 
iF 
: 
oa] 









CHARGE PUMP SUPPLY ¢a33 aa 


VOLTAGE: 2.9-5.5V 100nF 0 















VeeDIG] CLKINX, CLKINL DATA J | STROBE 


POnPLL CLOCK 


C7 i 100pF 
100nF== = 





VecDIG 











DIGITAL SUPPLY POnPLL REFERENCE : 
2.7 -5.5V DIVIDER _. 3-WIRE BUS 





Figure 4. Recommended Application of the Synthesizer Part of SA1638 
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IFTxOUT F ax : 
C74. 
E 200nF QTxIN 
— 1:4 0 O 
. R68 
SO) 50 
oN cH = 
20 200nF QTxINX 
R71 
50 
FROM BUFFERS IN 23 PdTx 
SYNTHESIZER PORT O 


Figure 5. Recommended Application of the Transmit Part of SA1638 
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BATTERY VOLTAGE 
3.3-7.5V 


Ccompt 





o 
ES 
7 
< 
< 
cot 


2 
VregF2 
: 


O 
GNDreg2 


O 
VocTxRx 


Cblock 
ais 


CCOMP1 = CCOMP2 = 100nF (min) with lowest <0.1Q 
LYSENS % 20nH (recommended <10nh) 
CBLOCK $10uF 
Figure 7, Recommended Application of 
Voltage Registers of the SA1638 





Overview of Dual GSM/PCN Architecture 

The SA1620 RF front-end and SA1638 IF transceivers form a dual 
conversion architecture which uses a common IF and standard |/Q 
baseband interface for both transmit and receive paths. This 
approach avoids the screening difficulties of direct modulation in the 
transmit direction and the mass production and practical 
performance issues related to direct conversion in the receive 
direction. The time division multiplex nature of the GSM system 
permits integration of the transmit and receive functions together on 
the one RF and one IF chips. This simplifies the distribution of local 
oscillator signals, maximizes circuitry commonality, and reduces 
power consumption. 


The SA1620 and SA1638 allow considerable flexibility to optimize 
the transceiver design for particular price/size/performance 
requirements, through choice of appropriate RF and IF filters. The 
IF may be chosen freely in the range 70-500MHz. The same IF can 
be used in the transmit and receive directions. Alternately, different 
IFs can be used if the SA1638 synthesizer frequency is switched 
between transmit and receive timeslots. The comparison frequency 
of the SA1638 PLL is high in order to provide fast switching time. 


With suitable choice of the IF, an identical SA1638 IF receiver 
design can be used for both 900MHz GSM and 1800MHz PCN 
(DCS1800) equipment. 


General Benefits/Advantages 


@ 2.7V operation. Compatible with 3V digital technology and 
portable applications. (Higher voltage operation also possible, if 
desired.) 
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® Excellent dynamic range. The availability of two LNAs in the 
SA1620 allows flexibility in receiver dynamic design for portable 
and mobile GSM spec. applications with appropriate filters. If for 
a particular application a GaAs or discrete front-end is desired, 
one of the LNAs can be left unpowered. Placing the AGC gain 
switches at the front results in some attenuation most of the time, 
further increasing typical dynamic performance beyond that 
specified by GSM. 


High power transmit output driver, delivering +7.5dBm output. 
This is sufficient to drive a filter and power amplifier input, without 
a driver amplifier. To avoid unnecessary current consumption, the 
output power can be reduced to an appropriate level by choice of 
an external resistor. 


® DC offsets generated in the receive channel are independent of 
the AGC setting, and correctable by software to prevent erosion of 
signal handling dynamic range by DC offsets. Independence of 
DC from AGC setting is achieved by putting the gain switches in 
the RF front-end. 


® Minimal high-quality filter requirements. As a result of the 
integration in the SA1638 of high quality channel selectivity filters, 
only sufficient filtering is needed in the receive path to provide 
‘blocking protection for the second mixers. This reduces receiver 
cost and size. 


© Operation at a high IF allows RF image reject filter requirements 
to be relaxed. For example, at a 400MHz IF, the natural gain 
roll-off in the SA1620 LNAs and mixer suppresses the image 
signal in the 1800MHz band by typically 28dB below the desired 
900MHz band signal. 


DC Offset Correction 

DC offset correction is provided by two DACs each feeding into one 
of the two Rx channels. The step size of both DACs is set by the 
value of the external resistor between DCRES and ground. Witha 
resistor value of 120kQ, the step size is 200mV. The actual offset of 
each DAC is controlled independently by 4 bits within a DC register. 
For each DAC 1 bit controls the polarity of the offset and the other 3 
bits control the magnitude of the offset. Thus any original offset less 
than 1.5V magnitude in either channel can be reduced to the 
specified level by selecting the appropriate DAC setting via the 
serial interface. 


Integrated Receive Filters 

The low-pass characteristics of the Rx channel are determined by 
two low-pass responses. The first of these is the output of the 
quadrature mixers and the second is the low-pass filters which 
follow the post-mixer amplifiers. These specifications refer only to 
the response of the default state, but this may be switched by the 
control register to an alternative setting with a nominal 3dB point of 
792kHz. In this alternative bandwidth setting, the performance of 
the circuit is not specified. 


The corner frequency of the low pass filters can be adjusted over a 
wide range by varying the value of the external resistor between 
RESA and RESB. The range of feasible corner frequencies extends 
at least between 50kHz and 500kHz. As with the alternative 
bandwicth setting on the mixer outputs, the performance of the 
circuit is not specified when the alternative low-pass filter bandwidth | 
is active. 
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FEATURES QUICK REFERENCE DATA 
e Fully balanced 4-stage limiting IF 


amplifier SYMBOL PARAM ETER 


e Symmetrical quadrature 
demodulator Vp | supply voltage range (pin 1) 


e Field-strengh indication output for 
1 mA ammeter 


e Detune detector for side response ~ Ving input sensivity (RMS value) 
and noise attenuation 


e Detune voltage output 
e Internal muting circuit S/N = 26 dB 
e 0° and 180° AF output signals 


Ip supply current 





-3 dB before limiting 

















S/N = 46 dB 
e Reference voltage output | 
e Electronic smoothing of the supply VoAE AF output signal (RMS value) ev fe mV~ 
voltage 
THD total harmonic distortion 
with double resonant circuits - 0.02 |- %o 
S/N signal-to-noise ratio (Vi > 1 mV) |- oie dB 
CLAM AM suppression - sof dB 
RR ripple rejection (f = 100 Hz) 43 ae |. dB 
115 | maximum indicator output current ee mA 
Tamas operating ambient temperature area 
GENERAL DESCRIPTION ORDERING AND PACKAGE INFORMATION 


The TDA1576T is a monolithic 
integrated FM-IF amplifier circuit for PACKAGE 
use in mono and stereo FM-receivers EXTENDED 


of car radios or home sets. TYPE NUMBER | pins | PIN POSITION MATERIAL CODE 


TDA1576T mini-pack plastic SOT163A 
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R 1mA field-strengh  detune 
2V(RMS) _S zero 9 Videt 
Es adjust 7 N voltage 
~u(]) ViiF ae K2| | V rot 
1 nF 0.47 halls 










4-STAGE 
LIMITER 
AMPLIFIER 


REFERENCE 
VOLTAGE 






MUTE 
Leal 






Vp i +8.5 V 


2 . n.c. 
102 33 pF 
O1uF [47pe Bony 
al 33 pF 
Y 7, ~ audio 
outputs MEH130 
Q, = 20 Var —Var 
f, =10.7 MHz 


Fig.1 Block diagram and application circuit. 
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PINNING 


SYMBOL| PIN DESCRIPTION 





Vp | 
Ces 
IF 1 IF signal to resonant circuit 

RES1 resonant circuit 


ie [7 
nc. 
n.c. 


FM-ON, standby switch 


resonant circuit 





IF signal to resonant circuit 


AF output voltage (0° phase) 
AF output voltage (180° phase) 
0 not connected 
not connected 
Vi dat 12 detune detector input for external audio reference 


o det 13 detune detector output voltage 


V 
zero adjust for field-strengh 
17 FM-IF input signal 
input 2 of differential IF amplifier 
IFLV IF input level 





: 





GND 20 ground (0 V) 


LIMITING VALUES 








SYMBOL PARAMETER | min. | MAX. | UNIT” 
Vp supply voitage (pin 1) V 

Vo. 5, 16 voltage on pins 2,5 and 16 2 Vp V 
Pik total power dissipation cai 450 mW 

T stg storage temperature range ~55 °C 
ies operating ambient temperature range +85 








THERMAL RESISTANCE 


PARAMETER 
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PIN CONFIGURATION 





MEH140 





Vp GND 
one IFLV 

IF 1 IN2 
RES! Vir 
FMON Wes 

TDA1576T 

RES2 Ve 

IF2 Viet 
VoARy Vo dere 
VoAF2 Vi det 


N.C. N.C. 





Fig.2 Pin configuration. 
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CHARACTERISTICS 
Vp = 8.5 V; fi z¢ = 10.7 MHZ; Reg = 60 Q; f,, = 400 Hz with Af = +22.5 kHz; 50 us de-emphasis (C8-9 = 6.8 nF); 


Tamb = 25 °C and measurements taken in Fig.1, unless otherwise specified. The demodulator circuit is adjusted at 
minimum second harmonic distortion for V; z- = 1 mV and a ceviation Af = +75 kHz. 


sams: | names | commons | wt | 
ie [aspire on [ra pa ee 


Reference a 


reference voltage (pin 14) flyg=-tmA | =—-1 flyg=-tmA | 


AV ref reference voltage dependence 
on temperature AV 14 /Vyq4 *AT ol K 


la maximum [Maximum ouput current current | maximum output current =| short circuit current poten eens 
Pirie [roavessiance (| r= 200mvr) io | a 
[Girse | nputcapaciance Mi = 200m MS) [S| 


Voie output signal at pins 3 and 7 

(peak-to-peak value) 23,7 = 10 pF / 1MQ 610 680 750 mV 
Demodulator 
EC ea ane | Sei eC ae 


Ve, 9 DC offset voltage on output pins regecie >3VorV3.7=0 
atV46=0 }orVy3<0.3V +100 


AV/A@ demodulator efficiency AV3.9/A@ mv/° 
demodulator efficiency dependent 
on supply voltage (note 1) K 6.2 mvV/° 


V/V DC voltage ratio | Vg,Vg/ 2*Vo 0.653 |0.667 | 0.680 
AV/AT dependence on temperature A(VgtVg / 2*VoVAT a ee Eee 


Field-strengh output 


NO 
© 
© 
nN 
1 
© 
GO 
Oo 
co) 
fii 





Vi5 output voltage (Fig.4) Vi jp = 0 
V; IF = 1 mV (RMS) 1.1 


Vi iF = 250 mV (RMS) 3.2 


3.6 4.1 V 
S_[eanvolsteepness —SSSSS*i gif 
a CC 
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SYMBOL PARAMETER CONDITIONS 


Zero level adjustment 





input resistance 


Vig internal bias voltage 
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rn [ve [ we [ on 


i 





V; IF = 100 mV: 





Rie 
contro! steepness 


Detuning detector 


input bias current 





input resistance (Fig.5) 


output voltage ratio 
for Ag = (pins 3-7) 
(Fig.6) 


Ag = 9.29 (43 kHz), Q = 20 
Ag = 3.5° (16 KHz), Q = 20 
Ag = 14° (65 kHz), Q=20 


l13 maximum output current (Fig. 7) 





cut-off current 






Internal audio attenuation 






output voltage ratio (Fig.8) 
fora=1dB 
fora =7.2dB 
fora = 40 dB 
input current 
Stand-by switch 


















input voltage for FM-on 
input voltage for FM-off 


linear range (Fig 9) 


soe 
Ve/AT | temperature dependence 


Supply voltage smoothing 


V4.2 internal voltage drop 


| Ry.2 | internal resistor 


February 1991 


— @ (pins 4-6) ~90°; 
| 9and 12 short-circuit 


Vi3 1Vi43 < 0.1 


A =AV45 /AVig 


Viele = 75V 
Ry3.14 = 10 kQ:; pins 





Vo, 12 = 334 mV 0.55 | VV 
Vo, 12 = 138 mV 0.85 | VV 
Vo, 12 = 501 mV 0.355 | V/V 
Vig =6V 


a = attenuation facior 











V3,7/V3, 7(max) = 9-9 


| Vig =0.3V 


Vg=O0to2V 
Vg=3.5to 15 V 
FM-on (3.5Vpe) 
FM-off (5Vge) 


proportional to 
aaa -3Vp5 
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OPERATING CHARACTERISTICS 
Vp = 8.5 V; fi zp = 10.7 MHZ; Rg = 60 Q; f,, = 400 Hz with Af = +22.5 kHz; 50 ys de-emphasis (Cg _g = 6.8 nF); 


Tamb = 25 °C and measurements taken in Fig.1, unless otherwise specified. The demodulator circuit is adjusted at 
minimum second harmonic distortion with V; 7¢- = 1 mV. 


SYMBOL PARAMETER CONDITIONS /omin, | Typ. | MAX. UNIT 


IF amplifier and demodulator 


ViiF input sensivity (RMS value, pin 17) -3 dB before AF limiting) 14 22 35 | pV 
input signal for S/N = 26 dB f = 250 to 15000 Hz - 10 - uV 
input signal for S/N = 46 dB f = 250 to 15000 Hz wV 

eae [esrearn rie pedal wer 


noise voltage for 7 if =O Rg = 3002 
(RMS value, pins 8 and 9) f = 250 to 15000 Hz 


DIN 45405 































gues noise ee ae to 







AM suppression V; iF = 0.5 to 200 mV 
FM: 70 Hz, +15 kHz 


AM: 1 KHz, m = 30% 
FM rejection for FM-off 


AFC shift in relation to minimum 
second harmonic distortion ao, 
















V; |p = 0.03 to S00 mV 


operating 
————— or FM-off 


DC offset at second harmonic distortion 


distortion for third harmonic 


ripple rejection 
Vripple = 200 mV on Vp 

























Note to the characteristics 
1 Vg.g/ Ap = K(Vp -3 Vee) 
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Fig.3 AF output voltage level on pins 8 and 9 as a function of V; jp at Vp = 8.5 V; 
f m = 1 kHz; Q, = 20 and with de-emphasis. S = signal; N = noise. 











MEH143 


10% 10° 107 10% 107 10° Vireams) “1 





Fig.4 Field-strengh output (1,6 = 0). 
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MEH144 


| Fig.5 Detuning input impedance. 











MEH146 





Fig.7 Detuning output. 
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Via! Vig 





0.5 


~-~t2 0.8 0.4 0) 0.4 0.8 
Vg,12 (V) 


Fig.6 Detuning curve. 
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Fig.8 Internal audio attenuation. 
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GENERAL DESCRIPTION 


The TDA7000 is a monolithic integrated circuit for mono FM portable radios, where a minimum on 


peripheral components is important (small dimensions and low costs). 


The IC has an FLL (Frequency-Locked-Loop) system with an intermediate frequency of 70 kHz. The 
i.f. selectivity is obtained by active RC filters. The only function which needs alignment is the resonant 
circuit for the oscillator, thus selecting the reception frequency. Spurious reception is avoided by means 
of a mute circuit, which also eliminates too noisy input signals. Special precautions are taken to meet 


the radiation requirements. 
The TDA70Q0 includes the following functions: 


e R.F. input stage 

@® Mixer 

® Local oscillator 

® |.F. amplitier/limiter 
@ Phase demodulator 
@ Mute detector 

@ Mute switch 


QUICK REFERENCE DATA 


Supply voltage range (pin 5) Vp 


Supply current at Vp = 4,5 V Ip 
R.F. input frequency range Teg 


Sensitivity for —3 dB limiting - 
(e.m.f. voltage) ee | 


{source impedance: 75 22; mute disabled) EMF 
Signal handling (e.m.f. voltage) : 

(source impedance: 75 Q) EMF 
A.F. output voltage at Ry = 22 kQ | Vo 
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2,7 to: 10° V 
typ. 8 MA 
1,5 to 110 MHz 


typ. 1,5 pV 
typ. 200 mV 
typ. 75 mV 
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rf. input 







kQ 


TDA 7000 






LOOP 
FILTER 


Vp 


(44.5V) 7286939.1 


a.f. output 


Fig. 1 Block diagram. 
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RATINGS | 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 5) Vp max. 12 V 
Oscillator voltage (pin 6) | V6-5 Vp-0,5 to Vp +0,5 V 
Total power dissipation ; see derating curve Fig. 2 
Storage temperature range Tstg —55 to+ 150 °C 
Operating ambient temperature range Tamb Oto +60 OC 


co 


7287251 


























—50 0 50 100 160 _. 
Veet Gh) 


Fig. 2 Power derating curve. 


D.C. CHARACTERISTICS 
Vp = 4,5 V; Tamb = 25 OC; measured in Fig. 4; unless otherwise specified 


Supply voltage (pin 5) 


Supply current 
at Vp=45V 


Oscillator current (pin 6) 
Voltage at pin 14 


Output current at pin 2 
Voltage at pin 2; Ry = 22 kQ 
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Vp =4,5 V; Tamb = 25 OC; measured in Fig. 4 (mute switch open, enabled); fr¢ = 96 MHz (tuned to 
max. signal at 5 uV e.m.f.) modulated with Af = + 22,5 kHz; fp = 1 KHz; EMF =0,2 mV (e.m.f. voltage 
at a source impedance of 75 2): r.m.s. noise voltage measured unweighted (f = 300 Hz to 20 kHz); 


max. unit 


unless otherwise specified. 


parameter ° symbol min. 


Sensitivity (see Fig. 3) 
(e.m.f. voltage! 


for —3 dB limiting; 


muting disabled EMF 

for —3 dB muting | EMF 

for S/N = 26 dB EMF 
Signal handling (e.m.f. voltage) 

for THD < 10%; Af = + 75 kHz EMF 
Signal-to-noise ratio S/N 
Total harmonic distortion 

at Af = + 22,5 kHz THD 

at Af=+75kHz THD 


AM suppression of output voltage 
(ratio of the AM output signal 
referred to the FM output signal) 
FM signal: fp, = 1 KHz; At = + 75 kHz 


AM signal: fp, = 1 KHz; m = 80% AMS 
Ripple rejection (AVp = 100 mV; 

f = 1 kHz) RR 
Oscillator voltage (r.m.s. value) 

at pin 6 | V§-5(rms) 
Variation of oscillator frequency 

with supply voltage (AVp = 1 V) Afose 
Selectivity S+ 300 

S300 

A.F.C. range Afr¢ 


Audio bandwidth at AV, = 3 cB 
measured with pre-emphasis (t = 50 us) | B 


A.F. output voltage (r.m.s. value} 


at Ry = 22 kQ. Vo(rms) 
Load resistance 

at Vp = 4,5 V | Ry 

at Vp = 9,0 V Re 
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Fig. 3 A.F. output voltage (Vg) and total harmonic distortion (THD) as a function of the e.m.f. input 
voltage (EMF) with a source impedance (Rs) of 75 2: (1) muting system enabled; (2) muting system 


disabled. 

Conditions: 0 dB = 75 mV; f-¢ = 96 MHz. 
for S+N curve: Af = + 22,5 kHz; fp, = 1 KHz. 
for THD curve: Af = + 75 KHZ; fp, = 1 KHz. 


Notes 
1. The muting system can be disabled by feeding a current of about 20 pA into pin 1. 


2. The interstation noise level can be decreased by choosing a low-value capacitor at pin 3. Silent 
tuning can be achieved by omitting this capacitor. 
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Re i 
C18 17 1s c14 752 C12 C11 eer 
220pF 330 pF 100nF 220pF ogy 150pF 0 o3,3nF 330 pF 







LF. LIMITER 


mute control 


R1 
ps 
10k 
C1 
<— —p 150 


enabled /O disabled | "F 
Vp 
(+4,5V) mute switch 7Z86940.3 


a.f, output 


Fig. 4 Test circuit; for printed-circuit boards see Figs 5 and 6. 
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7288938. 


Track side of printed-circuit board used for the circuit of. 





a 

















Fig. 6 Component side of printed-circuit board showing component layout used for the circuit of Fig. 4. 
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GENERAL DESCRIPTION 


The TDA7021T integrated radio receiver circuit is for portable radios, stereo as well as mono, where a 
minimum of periphery is important in terms of small dimensions and low cost. It is fully compatible 
for applications using the low-voltage micro tuning system (MTS). The IC has a frequency locked loop 
(FLL) system with an intermediate frequency of 76 kHz. The selectivity is obtained by active RC 
filters, The only function to be tuned is the resonant frequency of the oscillator. Interstation noise as 
well as noise from receiving weak signals is reduced by a correlation mute system. 


Special precautions have been taken to meet local oscillator radiation requirements. Because of the 
low intermediate frequency, low pass filtering of the MUX signal is required to avoid noise when 
receiving stereo. 50 KHz roll-off compensation, needed because of the low pass characteristic of the 
FLL, is performed by the integrated LF amplifier. For mono application this amplifier can be used to 
directly drive an earphone. The field-strength detector enables field-strength dependent channel! 
separation control. 


Features | 

@ RF input stage @ Loop amplifier 

@ Mixer ® Internal reference circuit 

@ Local oscillator ® LF amplifier for 

@ |F amplifier/limiter — mono earphone amplifier or 

@ Frequency detector — MUX filter 

® Mute circuit ® Field-strength dependent 

® MTS compatible channel separation control facility 


QUICK REFERENCE DATA 







parameter conditions 









Supply voltage (pin 4) 





Supply current Vp=3V 







RF input frequency 


Sensitivity (e.m.f.) for 
—3 dB limiting 





source impedance = /5 QQ; 
mute disabled 







Signal handling (e.m.f.) source impedance = 75 22 











AF output voltage 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage (pin 4) 







Oscillator voltage . 
Storage temperature range 


Operating ambient temperature range 


THERMAL RESISTANCE 
From junction to ambient Rthj-a 300 K7/W 


DC CHARACTERISTICS , 
Vp=3 V, Tamb = 25 OC, measured in circuit of Fig. 4, unless otherwise specified 


Supply voltage (pin 4) 


Supply current 
Oscillator current 
Voltage at pin 13 
Output voltage (pin 14) 




















0 2 4 Vp (V) 6 


Fig. 2 Supply current as a function of the supply voltage. 
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AC CHARACTERISTICS (MONO OPERATION) 

Vp =3 V;: Tamb = 25 OC; measured in Fig. 5; f-¢ = 96 MHz modulated with Af = + 22,5 kHz; 

frm = 1 kHz; EMF = 0,3 mV (e.m.f. at a source impedance of 75 92); r.m.s. noise voltage measure 
unweighted (f = 300 Hz to 20 kHz); unless otherwise specified 


Sensitivity (e.m.f.) see Fig. 3 
for —3 dB limiting muting disabled EMF 
for —3 dB muting EMF 
for (S+N}/N = 26 dB EMF 


THD < 10%; 
| Af=+75 kHz EMF 


(S+N)/N 


AT S222, 9-Krl2 THD 
Af=+75 kHz THD | 


parameter 


Signal handling (e.m.f.) 


Signal-to-noise ratio 


Total harmonic distortion 


AM suppression of output 
voltage ratio of AM signal 
(fa, = 1 kHz; m = 80%) 
to FM signal (fry = 


Ripple rejection 


Oscillator voltage ({r.m.s. value) 


Variation of oscillator frequency 


with temperature 


Selectivity 


AFC range 
Mute range 
Audio bandwidth 


AF output voltage 
(r.m.s. value} 


AF output current 
max. d.c. load 


max. a.c. load (peak value) 
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TKAZ At= 75: KRz) 


AVp = 100 mV; 
f= 1 kHz 


Vp=1V 


see Fig. 9; 
no modulation 


AVog=3 dB; 
measured with 50 us 
pre-emphasis 


Re (pin 14) = 100 2 


THD = 10% 
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Fig. 3 Field strength voltage (V9.3) at Resource = 1 kQ2; f = 96,75 MHz; Vp=3 V. 









































































































































7Z287778.2 
Vo 
{dB) 
0 
—20 
THD 
(%) 
~ ail Sn i 
RRL Toe PTT TIT 
a coor ax a it 
—) Sa St 1 SH rte tHo [Tipit [| Cri rr 
80 TL ene ie ee or 0 
107 1075 1o>4 1073 1072 1 


1071 
EMF {V) at Rg = 7522 


Mono operation: AF output voltage (Vo) and total harmonic distortion (THD) as functions of 


input e.m.f. (EMF); Regurce = 75 Q; fr¢ = 96 MHz; 0 dB = 90 mV. For S+N and noise curves (1) is 
with muting enabled and (2) is with muting disabled; signal Af = + 22,5 kHz and fp, = 1 kHz. For THD 


curve, 
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Af = +75 kHz and fr = 1 kHz. 
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field strength 





AF 
Output “N oe 
Lh 4 | 4 rf 4 4 
i 
; i T Re = 752 i 
100) 33 220 | |S al 4 
F nF p 
n 220 4,70F 
! nF 
820 pF 
©) 
10 100). <) Ponk | 100... Shane 
it kQ a nF nF 
+Vp 7Z97113.1 


1) The AF output can be decreased by disconnecting the 100 nF capacitor from pin 16. 
Fig. 5 Test circuit for mono operation. 


AC CHARACTERISTICS (STEREO OPERATION) 


Vp =3V; Tamb = 25 °C; measured in Fig. 8; fr¢ = 96 MHz modulated with pilot Af = + 6,75 kHz and 
AF signal Af = + 22,5 kHz; fry = 1 KHz; EMF = 1 mV (e.m.f. at a source impedance of 75 Q): r.m.s. 
noise voltage measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified 


Sensitivity (e.m.f.} 
for (S+N)/N = 26 dB see Fig. 8; pilot off 


Selectivity see Fig. 9:no modulation 


Signal-to-noise ratio 


Channel separation Vj = L-signal; fp, = 1 kHz; 
pilot on: 
at f-¢= 97 MHz 
at fr¢ = 87,5 MHz 
and 108 MHz 
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Fig. 6 Stereo operation: signal/noise and channel separation of TDA7021T when used in the circuit 
of Fig, 8. 
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Fig. 7 Stereo operation: channel separation as a function of audio frequency in the circuit of Fig. 8. 
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Fig. 8 Stereo application in combination with a low voltage PLL stereo decoder (TDA70407) and a 
low voltage mono/stereo power amplifier (TDA7O50T). 
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7Z87968A 


Fig. 9 Test set-up, V; = 30 mV; fj = 76 kHz; selective voltmeter at output has Rj > 1 MQ and C; <8 pF; 
fo a Tie oa 


Note to Fig. 9 


This test set-up is to incorporate the circuit of Fig. 5 for mono operation or the circuit of Fig. 8 for 
stereo operation. For either circuit, replace the 100 nF capacitor at pin 6 with R6 (100 k{2) as shown 


above. 


Selectivity 
; Vo | (300 kHz ~f;) Vo | (300 kHz + f;) 
52300 20 0d = 92300 = 20 0G = 
V 
O lf, O | f; 
732 
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Divide by: 128/129-64/65 dual modulus low power 


ECL prescaler 


SA701 





DESCRIPTION 

The SA701 is an advanced dual modulus (Divide By 128/129 or 
64/65) low power ECL prescaler. The minimum supply voltage is 
2.7V and is compatible with the CMOS UMA1005 synthesizer from 
Philips and other logic circuits. The low supply current allows 
application in battery operated low-power equipment. Maximum 
input signal frequency is 1.1GHz for cellular and other land mobile 
applications. There is no lower frequency limit due to a fully static 
design. The circuit is implemented in ECL technology on the QUBIC 
process. The circuit will be available in an 8-pin SO package with 
150 mil package width and in 8-pin dual in-line plastic package, and 
is pin compatible with Fujitsu MB501, Plessey SP8704 and Motorola 
MC12022. 


FEATURES 

® Low voltage operation 

® Low current consumption 
® Operation up to 1.1GHz 
® ESD hardened 


ORDERING INFORMATION 


DESCRIPTION 
8-Pin Plastic Dual In-Line Package (DIP) 


PIN CONFIGURATION 
N, D Package 




















APPLICATIONS 


® Cellular phones 

® Cordless phones 

@ RF LANs 

® Test and measurement 

@ Military radio 

@ VHF/UHF mobile radio 

@ VHF/UHF hand-held radio 


TEMPERATURE RANGE ORDERCODE | DWG# | 
SA701N 


-40 to +85°C 





8-Pin Plastic Small Outline (SO) package (Surface-mount) 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER ~ 
Supply voltage 


| Tsta | Storage temperature range 
PTA Operating ambient temperature range 


Thermal impedance D package 


Voc 

VIN Voltage applied to any other pin 
Ta 

BJA N package 
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-40 to +85°C SA701D 


RATING UNITS 


-55 to +125 


158 & 
108 


V 
V 
mA 
i 
°C 
C/W 
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DC ELECTRICAL CHARACTERISTICS 


Product specification 


SA701 


The following DC specifications are valid for Ta = 25°C and Vcc = 3.0V; unless otherwise stated. Test circuit Figure 1. 





PARAMETER 


| SYMBOL 





LIMITS 


TEST CONDITIONS 


Power supply voltage range fin = 1GHz, input level = OdBm 
Supply curren a 
Output high level louT = 1.2mA Voec-1.4 


Output low level ie 
MC input high threshoid 


[i [MCinputtow current 
[in | SWinputhighourent «dS Cow =Veo=V «did; 8800 
: 

AC ELECTRICAL CHARACTERISTICS 


The following AC specifications are valid for Vec = 3.0V, fiy = 1GHz, input level = OdBm, Ta = 25°C; unless otherwise stated. Test circuit Fig. 1. 


SYMBOL PARAMETER 
V 


Input signal amplitude’ 


Input signal frequency 


| Rip _| Differential input resistance 


IN 


Output voltage 


fin 
Vo 
Modulus set-up time! 
tH 
tpp 


Modulus hold time! 


| tpp _ | Propagation time 


NOTES: 





TEST CONDITIONS 


Can] NS 
1000pF input coupling | : 
Direct coupled input? 
1000pF input coupling 
DC measurement 
Voc = 5.0V 
Voc = 3.0V 





1. Maximum limit is not tested, however, it is guaranteed by design and characterization. 


2. For fix < 50MHz, minimum input slew rate of 32V/us is required. 


DESCRIPTION OF OPERATION | 

The SA701 comprises a frequency divider circuit implemented using 
a divide by 4 or 5 synchronous prescaler followed by a 5 stage 
synchronous counter, see BLOCK DIAGRAM. The normal 
operating mode is for SW (Modulus Set Switch) input to be set low 
and MC (Modulus Control) input to be set high in which case the 
circuit comprises a divide by 128. For divide by 129 the MC signal 
is forced low, causing the prescaler circuit to switch into divide by 5 
operation for the last cycle of the synchronous counter. Similarly, for 
divide by 64 and 65 the SA701 will generate those respective moduli 
with the SW signal forced high, in which the fourth stage of the 
synchronous divider is bypassed. A truth table for the modulus 
values is given below: 





June 17, 1993 


64 

65 aS a Peel eee 
For minimization of propagation delay effects, the second divider 
circuit is synchronous to the divide by 4/5 stage output. 


The prescaler input is positive edge sensitive, and the output at the 
final count is a falling edge with propagation delay tpp relative to the 
input. The rising edge of the output occurs at the count 64 for 
modulus 128/129 or count 32 for modulus 64/65 with delay tpp. The 
SW input is not designed for synchronous switching. 


The MC and SW inputs are TTL compatible threshold inputs 
operating at a reduced input current. CMOS and low voltage 
interface capability are allowed. The SW input has an internal 
pull-down simplifying modulus group selection. With SW open the 
divide by 128/129 mode is selected and with SW connected to Vcc 
divide by 64/65 is selected. 


The prescaler input is differential and ECL compatible. The output is 
single-ended ECL compatible. 
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SA701 


AC TIMING CHARACTERISTICS 


2. ae 


| 
~ | 
> x Ki 


‘p SW = 0. DIVIDE BY 128/129 OPERATION. 


TIE ae 


| | 

OUT | | | 
| 

<— | kK <> 


tH 
SW =0. DIVIDE BY 128/129 OPERATION. 


OUT | | 7 | | : 
| 
aq, fe ee ras 


ts tH 
tp SW = 1. DIVIDE BY 64/65 OPERATION. 











ts 


SW = 1. DIVIDE BY 64/65 OPERATION. 
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Figure 1. SA701 Test Circuit 








FREQUENCY (MHz) 


—a——40°C 
Voc =3.0V —o— 25°C 


—e— 85°C 


MINIMUM INPUT POWER (dBm) 





Figure 2. Minimum Input Power vs Frequency and Temperature 
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FREQUENCY (MHz) 


800 1000 1200 







—=—2.7V 
Ta=25°C ~ 3.0 


—*— 6.0V 











Figure 3. Minimum Input Power vs Frequency and Vcc 




















Vec (V) 


Figure 4. Supply Current vs Supply Voltage and Temperature With No Load 
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EQUIVALENT INPUT IMPEDANCE me 











EQUIVALENT INPUT IMPEDANCE = 





Figure 6. Typicai D Package Input impedance 
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ECL prescaler SA702 








DESCRIPTION PIN CONFIGURATION 
The SA702 triple modulus (Divide By 64/65/72) low power ECL 
prescaler is used in synthesizer systems to achieve low phase lock 
time, broad operating range, high reference frequency and small 
frequency step sizes. The minimum supply voltage is 2.7V and is IN [1 IN 
compatible with the CMOS UMA1005 synthesizer from Philips and 
other iogic circuits. The low supply current allows application in Veco L? | Tiga 
battery operated low-power equipment. Maximum input signal | MC2 | 3 | MC1 
frequency is 1.1GHz for cellular and other land mobile applications. | aOR a 
There is no lower frequency limit due to a fully static design. The 
circuit is implemented in ECL technology on the QUBIC process. 
The circuit will be available in an 8-pin SO package with 150 mil 


N, D Package 





OUT 














package widih and in 8-pin dual in-line plastic package. ® Cordless phones 
FEATURES ~~ © RF LANs 

@ Low voltage operation ® Test and measurement 

@® Low current consumption ® Military radio 

® Operation up to 1.1GHz ® VHF/UHF mobile radio 

® ESD hardened @ VHF/UHF hand-held radio 
APPLICATIONS 


® Cellular phones 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDERCODE | DWG# | 
8-Pin Plastic Dual In-Line Package (DIP) -40 to +85°C SA702N 0404B 
8-Pin Plastic Small Outline (SQ) package (Surface-mount) -40 to +85°C SA702D 0174C 















ABSOLUTE MAXIMUM RATINGS 


ae ae ec. See oe a 
[Yn _[Rateaepriedioanyonerpn «Ooo 
Seen A, SN See 
SO Lc 

en ET AS 


Thermal impedance D package 158 
N package 108 
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BLOCK DIAGRAM 














MODULUS CONTROL 
LOGIC 


Pe: 


“Oe 

















IN 6 
=O 
N 

MC1 Oo 

MC2 O— 


Product specification 
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DC ELECTRICAL CHARACTERISTICS 


The following DC specifications are valid for Ta = 25°C and Vcc = 3.0V; unless otherwise stated. Test circuit Figure 1. 


| LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


UNITS 
| ons 
Power supply voltage range fin = 1GHz, input level = OdBm 2.7 " 
|_Voo__|Power supply voltage range as re 
Suppycurent SS SSSC*dPCSSC*~C*~‘“*C~*WNBGSSSSCS*C*~‘ESC‘“‘(C*YL €WS ~=C=*;CmA 
a 
a 







Voc 
| ice | 
| Vou [Outputhighlevel | t= temMA [cot 4 | 
Vit 
Vin 
ViL 
NH 
lie 
lit 










i 
(cee 
[Metinputhightreshold ECC 2 STC 
PV [MCtinputiowthreshod ——CESCCSC~CSCSCSCSCS| | ~Cd| | 
[Vw _[MC2inouthighthreshoid@ CT SCSC~C—sSCSCSC‘iT 2] «TSC v 

[Wi [MC2ingutiowthreshod TCS 
aw i as 
reas 3 
Tn _) Mca 


[MGeinputhigh current _———S—S—~CSCSCSCSCS ce = Veo = VES 


MC1 input high current Vuc1 = Vcc = 6V | |. 
MC1 input low current Veuci = OV, Voc = 6V | -100 | -30 | | wa | 
MC2 input low current Vuce = OV, Voc = 6V -30 | | pA | 


AC ELECTRICAL CHARACTERISTICS 


These AC specifications are valid for fjj = 1GHz, input level = OdBm, Voc = 3.0V and Ta = 25°C; unless otherwise stated. Test circuit Fig. 1. 


! LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 





















[MIN | TYP | MAX 
[Vin _|lnputsignalampitude’ ——~—~—~=~S~S~*sY~CS*~*~«OOOPFnputccoupling | 008 | + 20 | Vrp 
[_____Directcoupledinput® +o | | 41 
| tn [routsonatequeny ee 8 iis 
[Rip __| Differential input resistance | ____DCmeasurement -+| +i 6 || 
: =i 
tg __| Modulus setup time! a es oe oe 
ny ee ee 
a a a 





NOTES: 
1. Maximum limit is not tested, however, it is guaranteed by design and characterization. 
2. For fin < 50MHz, minimum input slew rate of 32V/us is required. 


DESCRIPTION OF OPERATION Table 1. 
The SA702 comprises a frequency divider circuit implemented using 
a divide by 4 or 5 synchronous prescaler followed by a 5 stage 
synchronous counter, see BLOCK DIAGRAM. The normal 
operating mode is for MC1 (Modulus Control) to be set high and 
MC2 input to be set low in which case the circuit comprises a divide 
by 64. For divide by 65 the MC1 singal is forced low, causing the 
prescaler circuit to switch into divide by 5 operation for the last cycle 
of the synchronous counter. For divide by 72, MC2 is set high For minimization of propagation delay effects, the second divider 


configuring the prescaler to divide by 4 and the counter to divide by circuit is synchronous to the divide by 4/5 stage output. 
18. A truth table for the modulus values is given below: 





The prescaler input is positive edge sensitive, and the output at the 
final count is a falling edge with propagation delay tpp relative to the 
input. The rising edge of the output occurs at the count 32 with 
delay tpp. 


The MC1 and MC2 inputs are TTL compatible threshold inputs 
operating at a reduced input current. CMOS and low voltage 
interface capability are allowed. 
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The prescaler input is differential and ECL compatible. The output is 
differential ECL compatible. 


AC TIMING CHARACTERISTICS 


ae — a 





t 
PD SWITCH FROM /65 TO /72 
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Figure 1. SA702 Test Circuit 
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-15 | —s—-~40°C 
Veco =3.0V —c— 25°C 


—e— 85°C 


MINIMUM INPUT POWER (dBm) 
| 
nN 
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Figure 2. Minimum Input Power vs Frequency and Temperature 
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FREQUENCY (MHz) 


MINIMUM INPUT POWER (dBm) 





Figure 3. Minimum Input Power vs Frequency and Vcc 














lec (mA) 








Voc (V) 





Figure 4. Supply Current vs Supply Voltage and Temperature With No Load 
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INPUT 40 6nH 

















EQUIVALENT INPUT IMPEDANCE 





Figure 6. Typical D Package Input Impedance 
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DESCRIPTION PIN CONFIGURATION _ 
N, D Package 





The SA703 triple modulus (Divide By 128/129/144) low power ECL 
prescaler is used in synthesizer systems to achieve low phase lock 
time, broad operating range, high reference frequency and small 
frequency step sizes. The minimum supply voltage is 2.7V and is 
compatible with the UMA1005 synthesizer from Philips and other 
logic circuits. The low supply current allows application in battery 
operated low-power equipment. Maximum input signal frequency is 
1.1GHz for cellular and other land mobile applications. There is no 
lower frequency limit due to a fully static design. The circuit is 
implemented in ECL technology on the QUBiC process. The circuit 




















will be available in an 8-pin SO package with 150 mil package width @ VHF/UHF mobile radio 
and in 8-pin dual in-line plastic package. @ WHEE hand-held adie 
APPLICATIONS FEATURES 

® Cellular phones ® Low voltage operation 

® Cordless phones ® Low current consumption 
@ RF LANs . | ®@ Operation up to 1.1GHz 

® Test and measurement ® ESD hardened 


® Military radio 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE | DWG# | 


8-Pin Plastic Dual In-Line Package (DIP) -40 to +85°C SA703N 0404B 
8-Pin Plastic Small Outline (SO) package (Surface-mount) -40 to +85°C SA703D 0174C 





ABSOLUTE MAXIMUM RATINGS : 


SYMBOL PARAMETER ) 


Supply voltage 













RATING UNITS 


=——— Output current 
















Voltage applied to any other pin 


a Storage temperature range re to +125 
Operating ambient temperature range -55 to +125  — 


158 é 





















Thermal impedance D package 


Oya N package 
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BLOCK DIAGRAM 


a 
































LOGIC 


al 
oe) 
© 
oO 
2) 
= 
ond 
=) 
a 
2) 
= 
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DC ELECTRICAL CHARACTERISTICS 


The following DC specifications are valid for Ta = 25°C and Vcc = 3.0V; unless otherwise stated. Test circuit Figure 1. 


SYMBOL PARAMETER TEST CONDITIONS 


2.7 
lout = 1-2mA 


[Ouputiowvel —SOS—CSCSC~SCSCSC«d Mg 8 
[MCtinputhighthreshod ——SSOSC—~sSSC‘“‘“S*SCS*S*S*SCS*C~“~*~dC 

[MGT inputlowthreshod ———SSCSC—~sdSOSC“‘“‘CSSSSSCSCSCSCSCSCSCSCSCSCSYS 

[Vin [Moainputhigh treshoe ————SSOSC—~SSCSCSCSC~—“CSCSCSCSCSCSY 

[Vin [Moe iiputiow threshold Sid SOS Cd 
[Ty [MOT inputrigh ourent | _Vwcr=Voo=6v——<d| +d orf 50 | aA 
[in [MoT inputiow eurent | Vc =0V,Veo=@v——~«Y 00 | 80 | [uA 
[ln [MO2inputrigh current | __‘Vwca=Voo=@V——~4 —=d| ot | 80 | uA 
[i [MCB inputiow current | Vugp= OV, Veg=6V_| ~100_[ -20_[ | yA 





AC ELECTRICAL CHARACTERISTICS 


These AC specifications are valid for Voc = 3.0V, fiy = 1GHz, input level = OdBm, T, = 25°C; unless otherwise stated. Test circuit Fig. 1. 


LIMITS 
SYMBOL PARAMETER | TEST CONDITIONS ain] TYP [MAX UNITS 


Input signal amplitude’ 1000pF input coupling | 0.05 | | 20 | Vpp | 


f Input signal f Direct coupled input? ee eS ee = 
saci oe | ec al ee ee ee ese 


[Fig _[Diferentatinputresistance ———=«d[~—~SCSC«é measurement «st Sid 


ST 


Modulus hold time! = 
Propagation ime a) 
NOTES: 


1. Maximum limit is not tested, however, it is guaranteed by design and characterization. 
2. For fy < 50MHz, minimum input slew rate of 32V/us is required. 





DESCRIPTION OF OPERATION input. The rising edge of the output occurs at the count 64 with 
The SA703 comprises a frequency divider circuit implemented using delay tpp. 
a divide by 4 or 5 synchronous prescaler followed by a 5 stage The MC1 and MC2 inputs are TTL compatible threshold inputs 


synchronous counter, see BLOCK DIAGRAM. The normal 
operating mode is for MC1 (Modulus Control) to be set high and 
MC2 input to be set low in which case the circuit comprises a divide 
by 128. For divide by 129 the MC1 singal is forced low, causing the The prescaler input is differential and ECL compatible. The output is 
prescaler circuit to switch into divide by 5 operation for the last cycle differential ECL compatible. 

of the synchronous counter. For divide by 144, MC2 is set high 

configuring the prescaler to divide by 4 and the counter to divide by Table 1. 
36. A truth table for the modulus values is given in Table 1. 


operating at a reduced input current. CMOS and low voltage 
interface capability are allowed. 


For minimization of propagation delay effects, the second divider 
circuit is synchronous to the divide by 4/5 stage output. 


The prescaler input is positive edge sensitive, and the output at the 
final count is a falling edge with propagation delay tpp relative to the 
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AC TIMING CHARACTERISTICS 








1 


COUNT 128 129 1 64 127 128 


ee 


{PD SWITCH FROM /129 TO /128 























COUNT 144 { 


Sh ett Rect that Ran 
I 

Mc ! = 

OUT | | | 


I — | ‘ —> hae rea! 
PD SWITCH FROM /129 TO /144 
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Figure 1. SA703 Test Circuit 
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—s—-40°C 
Vcc =3.0V —o— 25°C 
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Figure 2. Minimum Input Power vs Frequency and Temperature 
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FREQUENCY (MHz) 





: 
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I ; Figure 3. Minimum Input Power vs Frequency and Vcc 




















lec (mA) 














Vcc (Vv) 





Figure 4. Supply Current vs Supply Voltage and Temperature With No Load 
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, ct 
30002 0.9pF 











Figure 6. Typical D Package Input Impedance 
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DESCRIPTION PIN CONFIGURATION 

The SA7025 is a monolithic low power, high performance dual DK Pack 

frequency synthesizer fabricated in QUBiC BiCMOS technology. Bona 

Featuring Fractional-N division with selectable modulo 5 or 8 

implemented in the Main synthesizer to allow the phase detector CLOCK Vpp 

comparison frequency to be five or eight times the channel spacing. 

This feature reduces the overall division ratio yielding a lower noise DATA HET. 

floor and faster channel switching. The phase detectors and charge LOCK 
; ; STROBE 

pumps are designed to achieve phase detector‘comparison 

frequencies up to 5MHz. A triple modulus prescaler (divide by Vss RF 

64/65/72) is integrated on chip with a maximum input frequency of ae 

1.0GHz. Programming and channel selection are realized by a high mm AN 

speed 3-wire serial interface. RFIN | Spa 

FEATURES | Vecp PHP 

® Operation up to 1.0GHz REFN PHI 

® Fast locking by “Fractional-N” divider RA ieee 

® Auxiliary synthesizer AUXIN PHA 

® Digital phase comparator with proportional and integral charge 











pump output 
® High speed serial input 
®@ Low power consumption 
® Programmable charge pump currents 
® Supply voltage range 2.7 to 5.5V 


® Excellent input sensitivity: 
VRE_IN = —20dBm 


APPLICATIONS 
® ADC (American Digital Cellular) 


® Cellular radio 
® Spread-spectrum receivers 


® Portable communication systems 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG # 
20-Pin Plastic Shrink Small Outline Package (SSOP) —40 to +85°C SA7025DK 1563 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING 
V Supply voltage, Vpp, Vppa; Vecp -0.3 to +6.0 


Voltage applied to any other pin -0.3 to (Vpp + 0.3) 
Storage temperature range -65 to +150 
Operating ambient temperature range | -40 to +85 


NOTE: Thermal impedance (8j,) = 117°C/W. 
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PIN DESCRIPTIONS 


a 
CLOCK Serial clock input 
DATA Serial data input | : 
STROBE Serial strobe input | 
Vss Digital ground 


| RF in Prescaler positive input. | 


| RF | 8 Prescaler negative input 





































eee Ea Auxiliary current setting; resistor to Vega _ 

| AUXin | 10 | Auxiliary divider input | 

Auxiliary phase detector output | 
| 










Analog supply voltage. This pin supplies power to the charge pumps, Auxiliary prescaler, Auxiliary and Reference | 
buffers 


Integral phase detector output | 
Proportional phase detector output 
| RN | 16 — Main current setting; resistor to Vssa : 
Fractional compensation current setting; resistor to Vsga_ 

LOCK Lock detector output 

TEST | 19 Test pin; connect to Vpp 


Vpp Digital supply voltage. This pin supplies power to the CMOS digital part of the device | | 
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BLOCK DIAGRAM 





CLOCK 
DATA 
STROBE 


Vss 


RFIN 


RFIN 


TEST 


VccP 


REFIN 


AUXIN 





December 15, 1994 


64/65/72 
PRESCALER 


12 
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OUTPUT | 

CHARGE 
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~ INTEGRAL 
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DC ELECTRICAL CHARACTERISTICS 
Vpp = Vppa = Vecp = 3V; Ta = 25°C, unless otherwise specified. 


| | LIMITS 
SYMBOL "PARAMETER TEST CONDITIONS aE Ns 
Typ | MAX _| 


Teraxoay | Standby supply curents | Vaa=Var=Van=VoonEM=EA=0] {| 100 |_| aA 
[taux [Operational supply curenis®@ | —M=OFA=1 | —~«d_ 38 | ima 
[wan | Operational supply currents’ | _——eM=1,€A=0 «4 Sid 8 | iY A 
‘[Tirorar [Operational supply curents® = SM EA=T—SC«dSCd SPC 


Digital inputs CLK, DATA, STROBE . 
H High level input voltage range 


Vit [Low level input voltage range a a 


Digital outputs LOCK | 

















. 








Vor] Output votage Low [oz amid 
Vou Output voltage HIGH Pilg 2mMA id 
Charge pump PHA 
i IRA = —62.5nA; VPHA = Vopa/2! 400 500 
fied. . Veumireneeipen | Ina =—62.5uA; Vpra=Vopw2"5 
pee P IRA = —25nA; Veya = Vppa/2 160 


pd 
=! 


Vpp-0.4 










= 


ine) 
psy 
ca) 


Al 
__PHP_A | Relative output current variation PHA IRA = —62.5pA2 18 


| TbHP_A 


AlpHa_m__ | Output current matching Ina = —62.50A; VeHa = Vppa/2* 13 


Charge pump PHP, normal mode!: 46 Var = Vopa 


IRN = —62.5nA; V = Vppa/2'3 440 
Output current PHP ai ale ee 
IRN = —25uA; VpHP = Vppa/2 175 


Relative output current variation PHP lan = ~-62.5uA2: 13 
PHP_N 


AlpHp_N_m_ | Output current matching lan = —62.5HA;Vpyp = Vppa/2* 13 


Charge pump PHP, speed-up mode !}4)7 Vopr = Vopa 
InN = —-62.5pA: Vpyp=Vppa/2"? | 2.20 2.75 3.30 
IIpHp sl Output current PHP = sales ce 
x : IRN = —25uA; VpHp = Vopa/2 0.85 1.35 
IPHP_s 
AlpHp_s m | Output current matching | lam = —62.5A;Vpyp = Vppa/2® 18 —— +250 LA 


| Charge pump PHI, speed-up mode 1:48 Var = Vppa 
| lan = 62.50 A; Vey! = Vppa/2!3 4.4 5.5 
pp4y| Output current PHI BN = i Ee | 55 
lan = —25n)A; Vex = Vopa/2 ne 2.65 


2 


[500 
[=500 


— +50 LA 


a 


{e) 
5 if 





550 


lI | 
PHP_N 90 


265 


Ble 


a 


i 
me) 
x 
v 
> | 









if 


: 
c 
> 


50 











Relative output current variation PHP lan = —62.5pA2 13 





Ble |e 














m 


Relative output current variation PHI lan = —62.5uA2 13 


AIPHLM Output current matching lan = -62.5nA; Vey = Vppa/2* 13 


Fractional compensation PHP, normal mode 1}9 Van = Vppa; Veup = Vopa/2 











EB i 


=|= 
= |z 
c 
> 








Fractional compensation output current InF = —62.5A;Frp = 1 to 7'9 —675 —500 —325 
PHP vs Frp® lar = -251A:Frp = 1 to 7 —270 =130 
Fractional compensation PHP, speed up mode 119 Vpup = Vopa, Van = Vopa 


4 Fractional compensation output current _!RF = —62.5pA;F Rp = 1 to ia oss =e si 
mips | practonal en a a ee eo 


Fractional compensation PHI, speed up mode 1:11 Vpyp = Vppa/2, Van = Vppa 


| Fractional compensation output current IRF = ~62.5A;FRp = 1 to hes —5.4 —4.0 A 
put | Pilve Fao® fare -25AF ap = 1107 


IPHP_F_N 


E 

















LA 
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DC ELECTRICAL CHARACTERISTICS (Continued) 


LIMITS 
SYMBOL PARAMETER 


| MIN, [| TYP | MAX | 
Charge pump leakage currents, charge pump not active 


Output leakage current PHA | VHA = 0.7 to Vppa~ 0.8 peeee= ot i= 402-2 A) 










TEST CONDITIONS UNITS 












AC ELECTRICAL CHARACTERISTICS 

Vop = Vppa = Vecp = 8V; Ta = 25°C; fre in = 1GHz, input level = -10dBm; unless otherwise specified. Test Circuit, Figure 2. The parameters 
listed below are tested using automatic test equipment to assure consistent electrical characteristics. The limits do not represent the ultimate 
performance limits of the device. Use of an optimized RF layout will improve many of the listed parameters. 


LIMITS , 
YMBOL PARAMETER T DITION NIT 
aoe See [MIN | TYP | MAX [o.® 


Main divider 


ary (SeReay rectoanal 0 [| 1 |, 
Nput Signal Ttrequenc 
a cae 10009F input couping | |__| +0] @* | 


Reference divider 


frer_in_ | Input signal frequency 4.5V <Vppa <5.5V 


VREF_IN_ | Input signal range, AC coupled 


Zrer in. | Reference divider input impedance 


Auxiliary divider 

Input signal frequency 
-PA = “0”, prescaler enabled . 4.5V <Vppa < 5.5V 
Input signal frequency 
PA = “1”, prescaler disabled | 4.5V <Vppa < 5.5V 


Vaux_InN | Input signal range, AC coupled | 


Zaux_IN_ | Auxiliary divider input impedance 


Serial interface!5 . 


fotock | Clock frequency 


t | Set-up time: DATA to CLOCK, 
SU CLOCK to STROBE 
ty Hold time; CLOCK to DATA | 


Pulse width; CLOCK 
Pulse width; STROBE 




















Nh 
a) 


io) 
j=) 
oO 


mVp.p 


® 
© 
x = 
S\e| F 


1 


co) 


TO 
7 








150 





fAUX_IN 


pl] © Oo 

tele 
een ee z 
as 


at 


(o) 


20 mVp_p 


— 
oO 
oO 











4 
jo) 


n 









ns 


= 


B, C, D, E words 


io) ie) Ww 
O;ToTro (>) 
” 


= 
N 










™—h 

Ss + 
ie) 

= 

[¢p) 





A word, PR = ‘01’ 


: 
g 
+ 
: 







Pulse width; STROBE 


— 
Q 
= 





A word, PR = ‘10’ * [((NM2 - 65) + (NM3 + 1) - 


~~ 
a 
+ 

= 





ie) 
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NOTES: 
1. When a serial input “A” word is programmed, the main charge pumps on PHP and PHI are in the “speed up mode” as long as STROBE = H. 
When this is not the case, the main charge pumps are in the “normal mode”. 
2. The relative output current variation is defiried thus: 
lotr oa la a) 
lout I(l, + 1,)I 
Frp is the value of the 3 bit fractional accumulator. 
Monotonicity is guaranteed with Cy = 0 to 255. 
Power supply current measured with frre jj = 953.19MHz, NM1 = 48, NM2 = 3, NM3 = 7, NF = 5, FMOD = 8, N = 3971+5/8, main phase 
detector frequency = 240kKHZ, freer ijn = 21.86MHz, NR = 89, SM = 1, fayx in = 82.56MHz, NA = 86, SA = 2, PA = 0, auxiliary phase detector 
frequency = 120kHz, IRN = IRA = IRF = 25pA, CN = 760, CL = 0, CK = 0, lock condition, normal mode, Vppa = 5V, Vpp = Vccp = 38V. 
Operational supply current = Ippa + Ipp + Iccp. 
6. Specification condition: CN = 255 
%. Specification conditions: 
1) CN = 255; CL = 1, or 
2) CN275;CL=3 
8. Typical output current | Ipy) | = —lpy x CN x 2(CL+1) x.-CK/32: 
1) GN= 160; CL = 3;CK =1;-0Fr 
2) CN 2160) Ce =2°CK = 2, 0r 
3) CN = 160; CL= 1; CK=4, or © 
4) CN = 160; CL=0; CK=8 
9. Specification condition: Frp = 1 to 7. 
10. Specification conditions: Frp = 1 to 7; CL = 1. 
11. Specification conditions: 
1) Fag 116-7: Ch=4:-CK=2;0r 
2) Pap tO 7; Che ee CkK = 1) 
12. The output current matching is measured when both (positive current and negative current) sections of the output charge pumps are on. 
13. Limited analog supply voltage range 4.5 to 5.5V. 
14. For fi,y < 50MHz, minimum input slew rate of 32V/us is required. 
15. Guaranteed by design. 


; with Vy = 0.7V, Vo = Vppa — 0.8V (see Figure 1). 


ae 


i 











CURRENT 


lp 


Vo VOLTAGE 

















Figure 1. Relative Output Current Variation 
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AC TIMING CHARACTERISTICS 
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FUNCTIONAL DESCRIPTION 


Serial Input Programming 

The serial input is a 3-wire input (CLOCK, STROBE, DATA) to 
program all counter ratios, DACs, selection and enable bits. The 
programming data is structured into 24 or 32 bit words; each word 
includes 1 or 4 address bits. Figure 3 shows the timing diagram of 
the serial input. When the STROBE = L, the clock driver is enabled 
and on the positive edges of the CLOCK the signal on DATA input is 
clocked into a shift register. When the STROBE = H, the clock is 
disabled and the data in the shift register remains stable. 
Depending on the 1 or 4 address bits the data is latched into 
different working registers or temporary registers. In order to fully 
program the synthesizer, 4 words must be sent: D, C, B and A. 
Figure 4 and Table-~ shows the format and the contents of each 
word. The E word is for testing purposes only. The E (test) word is 
reset when programming the D word. The data for CN and PR is 
stored by the B word in temporary registers. When the A word is 
loaded, the data of these temporary registers is loaded together with 
the A word into the work registers which avoids false temporary 
main divider input. CN is only loaded from the temporary registers 
when a short 24 bit AO word is used. CN will be directly loaded by 
programming a long 32 bit A1 word. The flag LONG in the D word 
determines whether AO (LONG = “O”) or A1 (LONG = “1”) format is 
applicable. The A word contains new data for the main divider. 


Main Divider Synchronization 

The A word is loaded only when a main divider synchronization 
signal is also active in order to avoid phase jumps when 
reprogramming the main divider. The synchronization signal is 
generated by the main divider. The signal is active while the NM1 
divider is counting down from the programmed value. The new A 
word will be loaded after the NM1 divider has reached its terminal 
count; also, at this time a main divider output pulse will be sent to 
the main phase detector. The loading of the A word is disabled 
while the NM2 or NM3 dividers are counting up to their programmed 
values. Therefore, the new A word will be correctly loaded provided 
that the STROBE signal has been at an active high value for at least 
a minimum number of VCO input cycles at RFiy or RF iw. 


t_strobe_min = ——(NM, - 65) + ty forPR = ‘01’ 
VCO 


t_strobe_min = —~ [NM,- 65 + (NMg + 1)- 72] + tyforPR = ‘10’ 
VCO 


Programming the A word means also that the main charge pumps 


on output PHP and PHI are set into the speed-up mode as long as 
the STROBE is H. 


Auxiliary Divider 

The input signal on AUX_IN is amplified to logic level by a 
single-ended CMOS input buffer, which accepts low level AC 
coupled input signals. This input stage is enabled if the serial 
control bit EA = “1”. Disabling means that all currents in the input 
stage are switched off. A fixed divide by 4 is enabled if PA = “O”. 
This divider has been optimized to accept a high frequency input 
signal. If PA = “1”, this divider is disabled and the input signal is fed 
directly to the second stage, which is a 12-bit programmable divider 
with standard input frequency (40MHz). The division ratio can be 
expressed as: 


if PA= “0”: N=4x NA 
if PA = “1”: N = NA; with NA = 4 to 4095 
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Reference Divider 

The input signal on REF_IN is amplified to logic level by a 
single-ended CMOS input buffer, which accepts low level AC 
coupled input signals. This input stage is enabled by the OR 
function of the serial input bits EA and EM. Disabling means that all 
currents in the input stage are switched off. The reference divider 
consists of a programmable divider by NR (NR = 4 to 4095) followed 
by a three bit binary counter. The 2 bit SM register (see Figure 5) 
determines which of the 4 output pulses is selected as the main 
phase detector input. The 2 bit SA register determines the selection 
of the auxiliary phase detector signal. 


Main Divider 

The differential inputs are amplified (to internal ECL logic levels) and 
provide excellent sensitivity (-20dBm at 1GHz) making the prescaler 
ideally suited to directly interface to a VCO as integrated on the 
SA620 RF gain stage, VCO and mixer device. The internal triple 
modulus prescaler feedback loop FB controls the selection of tie 
divide by ratios 64/65/72, and reduces the minimum system division 
ratio below the typical value required by standard dual modulus 
(64/65) devices. 


This input stage is enabled when serial control bit EM = “1”. 
Disabling means that all currents in the prescaler are switched off. 


The main divider is built up by a 12 bit counter plus a sign bit. 
Depending on the serial input values NM1, NM2, NM3, and the 
prescaler select PR, the counter will select a prescaler ratio during a 
number of input cycles according to Table 2 and Table 3. 


The loading of the work registers NM1, NM2, NM3 and PR is 
synchronized with the state of the main counter, to avoid extra 
phase disturbance when switching over to another main divider ratio 
as explained in the Serial Input Programming section. 


At the completion of a main divider cycle, a main divider output 
pulse is generated which will drive the main phase comparator. 
Also, the fractional accumulator is incremented with NF. The 
accumulator works modulo Q. Q is preset by the serial control bit 
FMOD to 8 when FMOD = “1”. Each time the accumulator 
overflows, the feedback to the prescaler will select one cycle using 
prescaler ratio R2 instead of R1. 


As shown above, this will increase the overall division ratio by 1 if 
R2=R1+1. The mean division ratio over Q main divider will then 
be 


F 
NQ =N+ OQ 
Programming a fraction means the prescaler with main divider will 
divide by N orN + 1. The output of the main divider will be 
modulated with a fractional phase ripple. This phase ripple is 
proportional to the contents of the fractional accumulator FRD, 
which is used for fractional current compensation. 


Phase Detectors 

The auxiliary and main phase detectors are a two D-type flip-flop 
phase and frequency detector shown in Figure 6. The flip-flops are 
set by the negative edges of output signals of the dividers. The 
rising edge of the signal, L, will reset the flip-flops after both flip-flops 
have been set. Around zero phase error this has the effect of 
delaying the reset for 1 reference input cycle. This avoids 
non-linearity or deadband around zero phase error. The flip-flops 
drive on-chip charge pumps. A source current from the charge 
pump indicates the VCO frequency will be increased; a sink current 
indicates the VCO frequency will be decreased. 
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D23 


AO 











LSB 





DO | 





FIL 
M] O 
O] N 
DIG 














D23 Do 
—S ad 
ADDRESS BITS TEST BITS 
| Figure 4. Serial Input Word Format 
Current Settings Vpyal = 8° Ira 


The SA7025 has 3 current setting pins: RA, RN and RF. The active 
charge pump currenis and the fractional compensation currents are 
linearly dependent on the current connected between the current 
setting pin and Vss. The typical value R (current setting resistor) 
can be calculated with the formula: 


Vopa — 0.9 - 180 Ip 

Ip 
The current can be set to zero by connecting the corresponding pin 
to Vppa. 


R= 


Auxiliary Output Charge Pumps 

The auxiliary charge pumps on pin PHA are driven by the auxiliary 
phase detector and the current value is determined by the external 
resistor RA at pin RA. The active charge pump current is typically: 
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Main Output Charge Pumps and Fractional 
Compensation Currents 

The main charge pumps on pin PHP and PHI are driven by the main 
phase detector and the current value is determined by the current at 
pin RN and via a number of DACs which are driven by registers of 
the serial input. The fractional compensation current is determined 
by the current at pin RF, the contents of the fractional accumulator 
FRD and a number of DACs driven by registers from the serial input. 
The timing for the fractional compensation is derived from the 
reference divider. The current is on during 1 input reference cycle 
before and 1 cycle after the output signal to the phase comparator. 
Figure 7 shows the waveforms for a typical case. 
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Table 1. Function Table 
Symbol [Bis [| —SSOSCS~SSSOSCSCSCSCSCSCSCS nation OSOSOSOSOSCSCSCSCS 
p oNM1 ff 120 | Number of main divider cycles when prescaler modulus = 64* 








Zz 
Ne) 































Sif PR ="01" Number of main divider cycles when prescaler modulus = 65” 
4 if PR = “10” 
4ifPR=“10" | Number of main divider cycles when prescaler modulus = 72” 
Prescaler type in use 
PR = “01”: modulus 2 prescaler (64/65) 
PR = “10”: modulus 3 prescaler (64/65/72) 
Fractional-N increment | 
FMOD 1 Fractional-N modulus selection flag 
m8 “1”: modulo 8 
: “0”: modulo 5 
LONG A word format selection flag 
“0”: 24 bit AO format 
“4”: 32 bit A1 format 
a a Binary current setting factor for main charge pumps 
| CL =| ~~ 2 _~__| Binary acceleration factor for proportional charge pump current 
Binary acceleration factor for integral charge pump current 
Main divider enable fag 
HFA _{ Auxiliary divider enable flag 
Reference select for main phase detector 
Reference select for auxiliary phase detector 
Reference divider ratio ; 
Auxiliary divider ratio 
Auxiliary prescaler mode: 
PA = “0”: divide by 4 
PA = “1”: divide by 1 





*Not including reset cycles and Fractional-N effects. 

















MAIN SELECT 
ee -SM= “00 aoa 
SM = “01” —+ MAIN 
r—* PHASE 
SM = “10” — DETECTOR 
SM = “11 3 




















REFERENCE 
AUXILIARY SELECT 
SA = “44” a, 
SA=“10" — AUXILIARY 
L—» PHASE 

ee ye DETECTOR 

SA="00" 
Figure 5. Reference Divider 














Table 2. Prescaler Ratio 


The total division ratio from prescaler to the phase detector may be expressed as: 


if PR = “01” N = (NM1 + 2) x 64 + NM2 x 65 
N’ = (NM1 + 1) x 64 + (NM2 + 1) x 65 (*) 


if PR = “10” N = (NM1 + 2) x 64 + NM2 x 65 + (NM3 + 1) x 72 
N’ = (NM1 + 1) x64 + (NM2+ 1) x 65 + (NM3 + 1) x 72 (*) 


(*) When the fractional accumulator overflows the prescaler ratio = 65 (64 + 1) and the total division ratio N’=N + 1 
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Table 3. PR Modulus 





When the serial input A word is loaded, the output circuits are in the 
“speed-up mode” as long as the STROBE is H, else the “normal 
mode” is active. In the “normal mode” the current output PHP is: 


lpup_N = 'pHp + !pHp comp 
where: | 
; CN - lan 
oypl = —3 :charge pump current 
[oe wees 
st _ RF. ‘fractional comp. 
II PHP _comp! = EEA 128 current 


The current in PHI is zero in “normal mode”. 









In “speed-up mode” the current in output PHP is: 


lpup_s = Ipup + lpup comp 
CN : | 
re ( a3 ape a) 


I Sd aa ie) 


PHP_compl a ( 428 


n “speed-up mode” the current in output PHI is: 


lpuis = !pu + IpHt comp 
where: 
lanjCN 
Belt (as eon) CK 


larF Rp Cc 
Mu ncoRe = ( 128 (2 os) CK 








VDDA 





P-TYPE 
CHARGE PUMP 














PH 








N-TYPE 








REFERENCE 
FERN DIVIDER 
AUX/MAIN 
DIVIDER 
REF_IN 




















ee ee 


a 


Figure 6. Phase Detector Structure with Timing 
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VSSA 
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REFERENCE R 


MAIN N 


VCO CYCLES | N | N | 


DETECTOR 
OUTPUT 


™ 


~ CONTENTS 
ACCUM. 


FRACTIONAL 
COMPENSATION 
CURRENT 


PULSE-WIDTH —» 
MODULATION 


OUTPUT ON 
PHP, PHI 


PULSE-LEVEL 
MODULATION 





Lock Detect 

The output LOCK is H when the auxiliary phase detector AND the 
main phase detector indicates a lock condition. The lock condition 
is defined as a phase difference of less than +1 cycle on the 
reference input REF_IN. The lock condition is also fulfilled when the 
relative counter is disabled (EM = “0” or respectively EA = “O”) for 
the main, respectively auxiliary counter. 


Test Modes 
The lock output is selectable as fper, fayx, fuain and lock. Bits T1 
and TO of the E word control the selection (see Figures 4 and 8). 


lf T1 = TO = Low, or if the E-word is not sent, the lock output is 
configured as the normal lock output described in the Lock Detect 
section. 


If T1 = Low and TO = High, the lock output is configured as free 
The signal is the buffered output of the reference divider NR and the 
3-bit binary counter SM. The fr_er signal appears as normally low 
and pulses high whenever the divider reaches terminal count from 
the value programmed into the NR and SM registers. The frer 
signal can be used to verify the divide ratio of the Reference divider. 


If T1 = High and TO = Low, the lock output is configured as faux. 
The signal is normally high and pulses low whenever the divider 
reaches terminal count from the value programmed into the NA and 
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TIME 





Figure 7. Waveforms for NF = 2, Fraction = 0.4 


PA registers. The fayx signal can be used to verify the divide ratio 
of the Auxiliary divider. 


lf T1 = High and TO = High, the lock output is configured as fain. 
The signal is the buffered output of the MAIN divider. The fain 
signal appears as normally high and pulses low whenever the 
divider reaches terminal count from the value programmed into the 
NM1, NM2 or NMG registers. The fyain Signal can be used to verify 
the divide ratio of the MAIN divider and the prescaler. 
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Test Pin 

The Test pin, Piri 19, is a buffered logic input which is exclusively 
ORed with the output of the prescaler. The output of the XOR gate 
is the input to the MAIN divider. The Test pin must be connected to 
Vpp during normal operation as a synthesizer. This pin can be used 
as an input for verifying the divide ratio of the MAIN divider; while in 
this condition the input to the prescaler, RF)j, may be connected to 
Vccp through a 10kQ resistor in order to place prescaler output into 
a known state. 


“is 


PIN FUNCTIONS 





















































| PIN PIN 

No. | MNEMONIG) DEY EQUIVALENT CIRCUIT Fal 
{ CLOCK 

2 DATA 

2: ||| STROBE 

19 TEST 

5 RE 

6 RFin 

8 REF iy 

10 AUXiny 
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TYPICAL PERFORMANCE CHARACTERISTICS 





Operational Supply Current vs 
Supply Voltage and Temperature 


Vocp = VDD = VDDA 
EA = EM = 1, Note 5 


Lota (mA) 








2.5 3 3.5 4 4.5 S) 5.5 6 6.5 
SUPPLY VOLTAGE (V} 


Auxiliary Operational Supply Current vs 
Supply Voltage and Temperature 


VocP = VDD = YDDA 
EA = 1, EM=0, Note 5 
Includes Reference Dividé 
Supply Current 


ora (mA) 





SUPPLY VOLTAGE (V) 


_ Main Divider Input Power vs 


Frequency and Supply 
20 


TA = +25°C 
cag eae NA = 3971.625 
. Yocr = VDD 
y ey 


~ 





INPUT PO 


. 





60 7 
400 600 800 1000 1200 
FREQUENCY (MHz) 





Main Operational Supply Current vs 
Supply Voltage and Temperature 





Voce = VDD =YDDA 
EA=1, EM=0, Note 5 
Includes Reference Divider 
Supply Current 


moral (a) 














ce) 
o>) 


4 5 6 7 
SUPPLY VOLTAGE (V) 


Auxiliary Operational Supply Current vs 
Frequency and Temperature 


VoD = 3V, VDDA = 5V, Note 5 
NA = 25, PA= 0, EA=1, EM=0 
Pin = -10dBm 


FOTAL. 0) 
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Main Divider Input Power vs 
Frequency and Temperature 


VDD = 3. Veocp = 3V 
N = 3971.625 
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TYPICAL PERFORMANCE CHARACTERISTICS 





Reference Divider Minimum Input power 
vs Frequency and Supply 


VDD = 8V: VDDA = 3V 
Vpop = 3V:; Vopa = 5V 
VppD = §.5V; VDDA = 5.5V 
Ta = +25°C; NA = 100 
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= 

FREQUENCY (MHz) 
Auxiliary Divider Minimum input power 
vs Frequency and Supply 

€ 

a 

3S 

jan 

uJ 

= 

5 

a 

= 

- 

a 

= 

= 

=) 
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z 

= Vpp = 3V: VDDA = 8V 


VDD = 3V; VDDA = 5V 
VDD = 5.5V; VDDA = 5.5V 
TA = +25°C; NA = 100; PA = 1 
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Auxiliary Divider Minimum Input power 
vs Frequency and Supply 
~10 


le 
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MINIMUM INPUT POWER (dBm) 
I 
iN) 
—) 


VDD = 3V: VDDA = 38V 
Vpp = 3V; VoDA = 5V 
VoD = 5.5V; VpDA = 5.5V 
Ta = +25°C; NA = 25; PA=0 
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MINIMUM INPUT POWER (dBm) 
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_Reference Divider Minimum Input power 
vs Frequency and Temperature 


Ta =~40°C 


Vpp = 3V: Vppa = 5V; NR = 100 
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Auxiliary Divider Minimum Input power 
vs Frequency and Temperature 


Ta = -40°C 

TA = +25°C 

TA = +85°C 

Vop = 3V; VpDA = 5V; NR = 100; PA =1 
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Auxiliary Divider Minimum Input power 
vs Frequency and Temperature 
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TA = +25°C 
TA = +85°C 
Vpp = 3V: VoDA = 5V; NR = 25; PA =0 
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Vocp = Vpp = 8V 
Ta = 25°C 


R3 L4 
1Q 2nH 


Ctes 
0.85pF 








Equivalent Input Impedance 





Typical RF\y Input Impedance 
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BOTTOM VIEW 








Figure 9. SA7025DK Demoboard Layout (NOT ACTUAL SIZE) 
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Figure 10. SA7025DK Application Circuit 
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DESCRIPTION PIN CONFIGURATION 
The SA8025 is a monolithic low power, high performance dual 
frequency synthesizer fabricated in QUBiC BiCMOS technology. 
Featuring Fractional-N division with selectable modulo 5 or 8 





DK Package 











implemented in the Main synthesizer to allow the phase detector CLOCK Vpp 
comparison frequency to be five or eight times the channel spacing. . 
This feature reduces the overall division ratio yielding a lower noise DATA TES 
floor and faster channel switching. The phase detectors and charge LOCK 
; STROBE 
pumps are designed to achieve phase detector comparison 
frequencies up to 5MHz. A four modulus prescaler (divide by Vss RF 
64/65/68/73) is integrated on chip with a maximum input frequency Se 
of 1.8GHz at 3V. Programming and channel selection are realized nS Ay 
by a high speed 3-wire serial interface. A 1GHz version RFIN VDDA 
(SA7025Dk) is also available with the same pinout. 
VCcP PHP 
FEATURES 
REF|N PHI 
® Operation up to 1.8GHz at 3V 
bo RA VSSA 
® Fast locking by “Fractional-N” divider 
Ae AUXIN PHA 
@ Auxiliary synthesizer 














® Digital phase comparator with proportional and integral charge 
pump output 


@ High speed serial input 

®@ Low power consumption. 

® Programmable charge pump currents 
® Supply voltage range 2.7 to 5.5V 


® Excellent input sensitivity: Var jj =—-20dBm 


APPLICATIONS 
@ PHP (Personal Handy Phone) ; 


®@ PDC (Personal Digital Cellular) 
® PCS (Personal Communication Service) 


® Portable communication systems 


ORDERING INFORMATION | 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
20-Pin Plastic Shrink Small Outline Package (SSOP) —40 to +85°C SA8025DK 1563- 











ABSOLUTE MAXIMUM RATINGS 


V 








NOTE: Thermal impedance (6ja) = 117°C/W. 
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PIN DESCRIPTIONS 


OO 

















| 

[RA [8 [anata corentectngresairtVoq 
N 
F 


Analog supply voltage. This pin supplies power to the charge pumps, Auxiliary prescaler, Auxiliary and Reference 
buffers 
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DC ELECTRICAL CHARACTERISTICS 


Vpp = Vppa = Vecp = 3V; Ta = 25°C, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS 


ISTANDBY 
Re 
rey 

rota. _| Operational supply currents> “ 


Digital inputs CLK, DATA, STROBE 
Vin High level input voltage range 


Vit [Low level input voltage range (eT 


Digital outputs LOCK 


oc [Output votage LOW 


Vou Output voltage HIGH lo =-2mA Vpp—0.4 
Charge pump PHA 


lpHal | Output current PHA Ina = ~62.5A; VpHa = Vopa/2!8 400 A 
utput curren | 
= IRa = —25pA; Veua = Vopa/2 


Al | 
PHP’ | Relative output current variation PHA Ina = —62.5nA% 18 pf a fe [x 


AlpHa m__ | Output current matching Ina =—62.5uA; Vppa=Vppw2!@ 18 | TT 50] 


Charge pump PHP, normal mode! 4:© Vpe = Vopa 


IRN = —62.5nA; Veyp = Vppa/2!8 440 
Output current PHP RN LE). MPHP?= ¥.DDA 
IRN = ~25yA; Veup = Vopa/2 


: Relative output current variation PHP Inn = —62.5pA2 19 
PHP_N 


AlpHp_N_mM_ | Output current matching lan = —62.5UA;VpHp = Vppa/2!@ 18 | 

Charge pump PHP, speed-up mode !}4)7 Voge = Vopa 

lan =—62.5uA; VpHyp =Vppa/2'3 | 2.20 2.75 3.30 

Paar Neuman RN HA; VeHp = Vopa [220 | 275 | 330 | 
= ian = ~254A; Ver = Vopnl 


Al | 
} PHP_S | Relative output current variation PHP Inn = —62.5pA 19 pe fo fw 
PHP_S 


Alpyp_s m_ | Output current matching lam = —62.5UA;Vpyp = Vppa/212) 18 | | #250 | pA 


Charge pump PHI, speed-up mode 14:8 Vopr = Vppa 
jaya OBI Vea Vopd™ | 4a] 88 | 66] 


pul m 
PHI IRN = ~25nA; Vex! = Vopa/2 1.75 


ad | Relative output current variation PHI IRN = —62.5pA* 18 2 {oe |» | 
PHI 


Alpi m_ | Output current matching lan = -62.5uA; Vpn=Vopaz@ | «Yd 00 | na] 


Fractional compensation PHP, normal mode '}9 Van = Vppa; Vpyp = Vppa/2 


| Fractional compensation output current IRF = —62.5,A;Frp = 1 to 718 nA 
PHP_F_N | PHP vs Frp? IRF = ~25pA;FRp = 1 to 7 


Fractional compensation PHP, speed up mode 1: 19 Voup = Vopa; Van = Vopa 


3 Fractional compensation output current InF = —62.5HA;Frp = 1 to 719 A 
riers | puP We Fro® ape 25UAFap = T07 


Fractional compensation PHI, speed up mode 1:11 Vpup = Vppa/2s Van = Vppa 


| Fractional compensation output current InF = 62.50 A;Frp = 1 to 7!8 n 
Phi | PHive Fao? are -S5uAFap = 1107 " 


‘il 


= 
= 
= 
>_ 


IlPHP_NI 


Alpyp_N 


Output current PHI 
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DC ELECTRICAL CHARACTERISTICS (Continued) 


LIMITS 
SYMBOL PARAMETER ia CONDITIONS MIN | TYP | MAX | UNITS 


Charge pump leakage currents, charge pump not active 


Output leakage current PHA VeHa = 0.7 to Vopa — 0.8 a ee ee 














AC ELECTRICAL CHARACTERISTICS 

Vpp = Vopa = Vecp = 3V; Ta = 25°C; unless otherwise specified. Test Circuit, Figure 2. The parameters listed below are tested using 
automatic test equipment to assure consistent electrical characteristics. The limits do not represent the ultimate performance limits of the 
device. Use of an optimized RF layout will improve many of the listed parameters. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS fees SS eee 


Main divider ; 

















Pin = -10dBm, Direct coupled input!4 1.8 
fre IN Input signal frequency P P ae a GHz 
: Pin=-T0dBm, 1000pFinputcouping | _—s«|_—<t®@ | 
Vag in [Input sensitivity fn= 170M es 


Reference divider 





frer_in | Input signal frequency 


4.5V <Vppa < 5.5V 


VreF_IN_ | Input signal range, AC coupled 300 mVp.p 


1 


(o) 


ploltia 


Zrer_in | Reference divider input impedance!® 


GT Po 
|| fee 
ol|x = 












Auxiliary divider 
Input signal frequency 


; PA = “0”, prescaler enabled 4.5V <Vppa < 5.5V 
AUXIN Vinput signal frequency eee ee 
PA = “1”, prescaler disabled 4.5V <Vppa < 5.5V 


BE 
ae 
N 








Vaux_IN | Input signal range, AC coupled | 200 mV p.p 
10 — kQ 
Zaux in | Auxiliary divider input impedance’® cd 
- | 


Serial interface’ 


fcLock | Clock frequency 


Set-up time: DATA to CLOCK, 
U CLOCK to STROBE 


ty Hold time; CLOCK to DATA | 


Pulse width; CLOCK 
Pulse width; STROBE 








10 


= 


Hz 






n 


_— 








~ 
” 


a 
oO ak 
na 


= 


CQ] WO] ® ee) 
Oo;To]o -) 
ie2) 


B, C, D, E words 








A word, PR = ‘01’ aa - (NM2 - 65) + ty 
VCO 
A word, PR = ‘10’ - [(NM2 - 65) + (NM3 + 1) - 68] + ty, 





Pulse width; STROBE 1 


7 LINM2 - 65 + (NM3 + 1) - 68 
VCO 
+ (NM4 + 1) - 73)] + ty 


A word, PR = ‘00 a [(NM2 - 65) + (NM4 + 1) - 73] + ty 





A word, PR = ‘11’ 
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NOTES: 

1. When a serial input “A” word is programmed, the main charge pumps on PHP and PHI are in the “speed up mode” as long as STROBE = H. 
When this is not the case, the main charge pumps are in the “normal mode”. 

2. The relative output current variation is defined thus: 





Al Il, — 14) 
: OUT 29% neath Vi =0.7V, Vo = Vopa~ — 0.8V (see Figure 1). 
OUT ee 


Frp is the value of the 3 bit fractional accumulator. 
Monotonicity is guaranteed with Cy = 0 to 255. 
Power supply current measured with far jj = 1667.4MHz, NM1 = 0, NM2 = 1, NM3 = 1, NM4 = 4, FMOD = 8, N = 694 6/8, main phase 
detector frequency = 2.4MHz, face in = 19:2MHz, NR = 8, SM = 1, faux jn = 150MHz, NA = 125, SA = 1, PA =0, auxiliary phase detector 
frequency = 300kHz, IRN = IRA = IRF = 25uA, CN = 160, CL = 0, CK = 0, lock condition, normal mode, Vecp = Vpp = Vppa = 8V. 
Operational supply current = Ippa + lpp + Iocp. 
6. Specification condition: CN = 255 
7. Specification conditions: 
« . 1)CN=255; CL=1, or 
= 22) CN=\/5: Cia 3 

8. Typical output current | Ipy) | =—Ipn x CN x 2(CL+1) x CK/32: 

1) CN = 160; CL = 3; CK = 1, or 

2) CN= 160; CL = 2° CK = 2,6 

3) CN = 160; CL'= 1; CK-=4,-or 

4) CN = 160; CL=0; CK=8 
9. Specification condition: Frp = 1 to 7. 
10. Specification conditions: Frap = 1 to 7; CL = 1. 
11. Specification conditions: 

1) Fap= 1 10:7; CL = 1; CK = 2, or 

2) Fap = 1:to 7; Ck =2)CK =1, 
12. The output current matching is measured when both (positive current and negative current) sections of the output charge pumps are on. 
13.Limited analog supply voltage range 4.5 to 5.5V. 
14. For fi < S5OMHz, minimum input slew rate of 32V/us is required. 
15. Guaranteed by design. 


eee 








CURRENT 








VOLTAGE 








Figure 1. Relative Output Current Variation 
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Figure 2. Test 


AC TIMING CHARACTERISTICS 
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'W 
50% 
CLOCK 


STROBE (B, C, D, E) WORDS 


| Figure 3. Serial Input Timing Sequence 

















CLOCK ENABLED CLOCK 
SHIFT IN DATA DISABLED 
STORE DATA 
tsw 
50% 
STROBE 
(A WORD) 














FUNCTIONAL DESCRIPTION 


Serial Input Programming 
The serial input is a 3-wire input (CLOCK, STROBE, DATA) to 
program all counter ratios, DACs, selection and enable bits. The 
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programming data is structured into 24 or 32 bit words; each word 
includes 1 or 4 address bits. Figure 3 shows the timing diagram of 
the serial input. When the STROBE = L, the clock driver is enabled 
and on the positive edges of the CLOCK the signal on DATA input is 
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clocked into a shift register. When the STROBE = H, the clock is 
disabled and the data in the shift register remains stable. 
Depending on the 1 or 4 address bits the data is latched into 
different working registers or temporary registers. In order to fully 
program the synthesizer, 4 words must be sent: D, C, B and A. 
Figure 4 and Table 1 shows the format and the contents of each 
word. The E word is for testing purposes only. The E (test) word is 
reset when programming the D word. The data for CN and PR is 
stored by the B word in temporary registers. When the A word is 
loaded, the data of these temporary registers is loaded together with 
the A word into the work registers which avoids false temporary 
main divider input. CN is only loaded from the temporary registers 
when a short 24 bit AO word is used. CN will be directly loaded by 
programming a long 32 bit A1 word. The flag LONG in the D word 
determines whether AO (LONG = “0”) or A1 (LONG = “1”) format is 
applicable. The A word contains new data for the main divider. 


Main Divider Synchronization 

The A word is loaded only when a main divider synchronization 
signal is also active in order to avoid phase jumps when 
reprogramming the main divider. The synchronization signal is 
generated by the main divider. The signal is active while the NM1 
divider is counting down from the programmed value. The new A 
word will be loaded after the NM1 divider has reached its terminal 
count; also, at this time a main divider output pulse will be sent to 
the main phase detector. The loading of the A word is disabled 
while the other dividers are counting up to their programmed values. 
Therefore, the new A word will be correctly loaded provided that the 
STROBE signal has been at an active high value for at least a 
minimum number of VCO input cycles at RFiy or RF iy. 


ety sts eee be, ee es pe ee ee ces ee ee ee ee et ee ee ee ce ee ee 


| For PR = ‘10° | 
' tstrobe_min = —L- [NM2- 65 + (NM3 + 1)- 68] + ty | 
j fyco 
ForPRa4? 000000 
| t_strobe_min = —— [(NM2 - 65 + (NM3 + 1) ? 
uO 68 + (NM4 + 1) + 73)) + ty 
ForPR=00 
' tstrobe_min = —L - [(NM2- 65) + (NM4+1)-73) 4ty | 


fee gas) eet este See By ae Lei eee ee Ge i Dr ee Sar ee) eS ef oR ce ee ee ee Oe 


Programming the A word means also that the main charge pumps 
on output PHP and PHI are set into the speed-up mode as long as 
the STROBE is H. 


Auxiliary Divider 

The input signal on AUX_IN is amplified to logic level by a 
single-ended CMOS input buffer, which accepts low level AC 
coupled input signals. This input stage is enabled if the serial 
control bit EA = “1”. Disabling means that all currents in the input 
stage are switched off. A fixed divide by 4 is enabled if PA = “O”. 
This divider has been optimized to accept a high frequency input 
signal. If PA = “1”, this divider is disabled and the input signal is fed 
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directly to the second stage, which is a 12-bit programmable divider 
with standard input frequency (40MHz). The division ratio can be 
expressed as: 

if PA = “0”: N=4xNA 

if PA = “1”: N = NA; with NA = 4 to 4095 


Reference Divider 

The input signal on REF_IN is amplified to logic level by a 
single-ended CMOS input buffer, which accepts low level AC 
coupled input signals. This input stage is enabled by the OR 
function of the serial input bits EA and EM. Disabling means that all 
currents in the input stage are switched off. The reference divider 
consists of a programmable divider by NR (NR = 4 to 4095) followed 
by a three bit binary counter. The 2 bit SM register (see Figure 5) 
determines which of the 4 output pulses is selected as the main 
phase detector input. The 2 bit SA register determines the selection 
of the auxiliary phase detector signal. 


Main Divider 

The differential inputs are amplified (to internal ECL logic levels) and 
provide excellent sensitivity (-20dBm at 1.7GHz) making the 
prescaler ideally suited to directly interface to a VCO as integrated 
on the Philips front-end devices including RF gain stage, VCO and 
mixer. The internal four modulus prescaler feedback loop FB 
controls the selection of the divide by ratios 64/65/68/73, and 
reduces the minimum system division ratio below the typical value 
required by standard dual modulus (64/65) devices. 


This input stage is enabled when serial control bit EM = “1”. 
Disabling means that all currents in the prescaler are switched off. 


The main divider is built up by a 12 bit counter plus a sign bit. 
Depending on the serial input values NM1, NM2, NM3, NM4 and the 
prescaler select PR, the counter will select a prescaler ratio during a 
number of input cycles according to Table 2 and Table 3. 


The loading of the work registers NM1, NM2, NM3, NM4 and PR is 
synchronized with the state of the main counter, to avoid extra 
phase disturbance when switching over to another main divider ratio 
as explained in the Serial Input Programming section. 


At the completion of a main divider cycle, a main divider output 
pulse is generated which wil! drive the main phase comparator. 
Also, the fractional accumulator is incremented with NF. The 
accumulator works modulo Q. Q is preset by the serial control bit 
FMOD to 8 when FMOD = “1”. Each time the accumulator 
overflows, the feedback to the prescaler will select one cycle using 
prescaler ratio R2 instead of R1. 


As shown above, this will increase the overall division ratio by 1 if 
R2=R1+1. The mean division ratio over Q main divider will then 
be 


F 
NQ =N + @ 
Programming a fraction means the prescaler with main divider will 
divide by N orN + 1. The output of the main divider will be 
modulated with a fractional phase ripple. This phase ripple is 
proportional to the contents of the fractional accumulator FRD, 


which is used for fractional current compensation. 
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Figure 4. Serial Input Word Format 














MAIN SELECT 
———__—_—_—_—_—____» SM = “OQ” eae 
SM = “01” poe MAIN 
r—* PHASE 
SM = “10” — DETECTOR 
SM = “11” == 
























REFERENCE 
AUXILIARY SELECT 
SA = “qq” —_—_—_— 
SA="10" — AUXILIARY 
—» PHASE 
SA = “O01” —_ DETECTOR 
SA=“007  —— 








Figure 5. Reference Divider 
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Table 1. Function Table 


NM1 sel Number of main divider cycles when prescaler modulus = 64” 


SifPR= "01" Number of main divider cycles when prescaler modulus = 65" 
NM2 4 if PR = = “4 0” 


NM3_ 4ifPR= "10" | Number of main divider cycles when prescaler modulus = 68” 
NM4 ot . °F | Number of fnain divider cycles when prescaler modulus = 72 


| Prescaler type in use 

PR = “01”: modulus 2 prescaler (64/65) 
PR = “10”: modulus 3 prescaler (64/65/68) 
PR = “11”: modulus 4 prescaler (64/65/68/73) 
PR = “00”: modulus 3 prescaler (64/65/73) 


Fractional-N increment 








































Fractional-N modulus selection fiag | 
“4”: modulo 8 
“0”: modulo 5 





A word format selection flag 
0". 24 bit AO format 
1”: 32 bit A1 format 


nay current eoting factor for main alge pumps 


Auxiliary prescaler mode: 
PA = “OQ”: divide by 4 
PA = “1”: divide by 1 











*Not including reset cycles and Fractional-N effects. 


Table 2. Prescaler Ratio 
The total division ratio from ee to the phase detector may be expressed as: 
if PR = “01” = (NM1 + 2) x 64 + NM2x 65 
a +1) x 64 + (NM2 + 1) x 65 (*) 
ifPR=“10" | |N=(NM1+2)x64+NM2x 65+ (NM3+ 1) x68 
N’ = (NM1 + 1) x 64 + (NM2 + 1) x 65 + (NM3 + 1) x 68 (*) 
if PR = “11” | N= (NMi + 2) x 64 + NM2 x 65 + (NM3 + 1) x 68 + (NM4 + 1) x 73 
N’ = (NM1 + 1) x 64 + (NM2 +1) x 65 + (NM3 + 1) x 68 + (NM4 + 1) x 73 (*) 
if PR = “00” N= (NM1 +2) x 64+NM2x65+(NM44+1)x73 
ee | N’ = (NM1 + 1) x 64 + (NM2 + 1) x 65 + (NM4 + 1) x 73 (*) 


(*) When the fractional accumulator overflows the prescaler ratio = 65 (64 + 1) and the total division ratio N’ = N +1 





Table 3. PR Modulus 
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Figure 6. Phase Detector Structure with Timing 
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CHARGE PUMP 







N-TYPE 
CHARGE PUMP 











Phase Detectors 

The auxiliary and main phase detectors are a two D-type flip-flop 
phase and frequency detector shown in Figure 6. The flip-flops are 
set by the negative edges of output signals of the dividers. The 
rising edge of the signal, L, will reset the flip-flops after both flip-flops 
have been set. Around zero phase error this has the effect of 
delaying the reset for 1 reference input cycle. This avoids 
non-linearity or deadband around zero phase error. The flip-flops 
drive on-chip charge pumps. A source current from the charge 
pump indicates the VCO frequency will be increased; a sink current 
indicates the VCO frequency will be decreased. 


Current Settings 

The SA8025 has 3 current setting pins: RA, RN and RF. The active 
charge pump currents and the fractional compensation currents are 
linearly dependent on the current connected between the current 
setting pin and Vss. The typical value R (current setting resistor) 
can be calculated with the formula: 


Vppa — 0.9 — 150 jl, 

IR 
The current can be set to zero by connecting the corresponding pin 
to VoDA- 


R= 
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Iu, = 8 lan 


Auxiliary Output Charge Pumps 

The auxiliary charge pumps on pin PHA are driven by the auxiliary 
phase detector and the current value is determined by the external 
resistor RA at pin RA. The active charge pump current is typically: 
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REFERENCE R 


MAIN N 


veocycies | N | N | N+1 | N | N+1 | 


DETECTOR | | | | | | | | 
OUTPUT : 


“ CONTENTS | | | | | 


ACCUM. 


~ 


FRACTIONAL 
COMPENSATION 
CURRENT 


PULSE-WIDTH —» 
MODULATION 














OUTPUT ON 
PHP, PHI 
PULSE-LEVEL 
MODULATION 
Figure 7. Waveforms for NF = 2, Fraction = 0.4 
Main Output Charge Pumps and Fractional The current in PHI is zero in “normal mode’. 
Compensation Currents In “speed-up mode” the current in output PHP is: 
The main charge pumps on pin PHP and PHI are driven by the main 
phase detector and the current value is determined by the current at lpHp_s = 'pup + !puP_comp 
pin RN and via a number of DACs which are driven by registers of 
the serial input. The fractional compensation current is determined eect CN - lan (2cL+1 44) 
by the current at pin RF, the contents of the fractional accumulator Pe 32 
FRD and a number of DACs driven by registers from the serial input. 
The timing for the fractional compensation is derived from the | iz FRD : lpe pOL+i 44 
reference divider. The current is on during 1 input reference cycle PHP_comp ~~ 128 ( Pu 
before and 1 cycle after the output signal to the phase comparator. 
Figure 7 shows the waveforms for a typical case. In “speed-up mode” the current in output PHI is: 
When the serial input A word is loaded, the output circuits are in the IPHI_s = Ipy) + lPHI_comp 
“speed-up mode” as long as the STROBE is H, else the “normal 
mode” is active. In the “normal mode” the current output PHP is: where: 
CN: | 
lbHp_N = '!pHp + !PHP_comp pt = (Sat en CK 
where: 
CN - lan lpHI_comp! = (Fie 38 \c2 *1) CK 
lloypl = a0 :charge pump current 


lag :fractional comp. 
IIPHP_comp! = FRD «756 ‘current 
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Lock Detect 

The output LOCK is H when the auxiliary phase detector AND the 
main phase detector indicates a lock condition. The lock condition 
is defined as a phase difference of less than +1 cycle on the 
reference input REF_IN. The lock condition is also fulfilled when the 
relative counter is disabled (EM = “0” or respectively EA = “O”) for 
the main, respectively auxiliary counter. 


Test Modes . 
The lock output is selectable as frer, faux, fmain and lock. Bits T1 
and TO of the E word control the selection (see Figures 4 and 8). 


If T1 = TO = Low, or if the E-word is not sent, the lock output is 
configured as the normal lock output described in the Lock Detect 
section. - 


If T1 = Low and TO = High, the lock output is configured as fper. 
The signal is the buffered output of the reference divider NR and the 
3-bit binary counter SM. The fer signal appears as normally low 
and pulses high whenever the divider reaches terminal count from 
the value programmed into the NR and SM registers. The frer 
signal can be used to verify the divide ratio of the Reference divider. 


lf T1 = High and TO = Low, the lock output is configured as faux. 
The signal is normally high and pulses low whenever the divider 
reaches terminal count from the value programmed into the NA and 
PA registers. The fayx signal can be used to verify the divide ratio 
of the Auxiliary divider. 


If T1 = High and TO = High, the lock output is configured as fain. 
The signal is the buffered output of the MAIN divider. The fyyain 


PIN FUNCTIONS 







fi | ao | — 
fe[ om |= 
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signal appears as normally high and pulses low whenever the 
divider reaches terminal count from the value programmed into the 
NM1, NM2, NM3 or NM4 registers. The fyain signal can be used to 
verify the divide ratio of the MAIN divider and the prescaler. 


Test Pin 

The Test pin, Pin 19, is a buffered logic input which is exclusively 
ORed with the output of the prescaler. The output of the XOR gate 
is the input to the MAIN divider. The Test pin must be connected to 
Vpp during normal operation as a synthesizer. This pin can be used 
as an input for verifying the divide ratio of the MAIN divider; while in 
this condition the input to the prescaler, RFij, may be connected to 
Vocp through a 10kQ resistor in order to place prescaler output into 
a known state. 
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AUX 
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MAIN 
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SELECT 
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Figure 8. Test Mode Diagram 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TOTAL(MA) 


rota (mA) 





INPUT POWER (dBm) 
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Suppl 


Voltage and Temperature 





V =Vpp=V 
cece DD = YDDA 


M = 1, Note 5 


Includes Reference Divider ra 
Supply Current fi 
HA 
LK | 


Ki] 


3 4 5 6 7 
SUPPLY VOLTAGE (V) 


Auxiliary Operational Supply Current vs 
Frequency and Temperature 


60 


AUXILIARY INPUT FREQUENCY (MHz) 





80 100 120 140 160 


Main Divider Input Power vs 
Frequency and Temperature 





TA = +85°C 


Ta =+25°C Ta=-40°C 
TA = +85°C : 


y — Tp = -40°C 
Ta = +25°C 


A Deeecoms 


1000 1500 2000 
FREQUENCY (MHz) 





Philips Semiconductors RF Communications Products 





Low-voltage 2GHz fractional-N synthesizer 





TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Product specification 


SA8025 








Reference Divider Minimum Input power 
vs Frequency and Supply 
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Auxiliary Divider Minimum Input power 
vs Frequency and Supply 
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Reference Divider Minimum Input power 
vs Frequency and Temperature 
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BOTTOM VIEW 


Figure 9. SA8025DK Demoboard Layout (NOT ACTUAL SIZE) 
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Figure 10. SA8025DK Application Circuit 
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INTRODUCTION 

The SA8025 is a 3V, 1.8GHz, SSOP 20-pin packaged fractional-N 
phase locked-loop (PLL) frequency synthesizer. It is targeted for 
systems like the Japan Personal Handy Phone System (PHS, 
formerly PHP) which demands fast switching time and good noise 
performance. Built on the QUBiC BICMOS process, it has phase 
detectors with maximum frequency of 5MHz and an auxiliary 
synthesizer that can operate up to 150MHz. This design was based 
on the UMA1005 (all CMOS), an earlier version fractional-N 
synthesizer which requires an external prescaler for 1 and 2GHz 
applications. There is also a 1GHz version fractional-N PLL 
frequency synthesizer, the SA7025, available for systems operating 
under 1GHz. One should expect the performance of the SA8025 
and SA7025 to be camparable to the UMA1005 with an extra 
prescaler. This application note will serve as a supplement to the 
application note for the UMA1005 (Report No: SCO/AN92002) or as 
a stand-alone document specifically for the SA8025. 


OVERVIEW OF THE FRACTIONAL-N FREQUENCY 
SYNTHESIZER 


Figure 1 shows the basic building blocks of a PLL frequency 
synthesizer. It consists of a programmable reference divider, phase 
detector and programmable RF divider (prescaler and main divider). 
The low-pass filter and voltage-controlled oscillator (VCO) are 
external to provide design flexibility. The loop has a self-correction 
mechanism which forces comparison frequency fcomp = fcomp’- 
Since foomp = freg/M and fcomp’ = fyco/N, the desired frequency 
becomes fyco = (fRer/M)N. M (reference divider) is fixed for 
generating fcomp. By incrementing or decrementing the value of N, 
different frequencies can be synthesized. 
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Figure 1. PLL Synthesizer 











For conventional synthesizers, the phase detector comparison 
frequency must be equal to the channel spacing (frequency 
resolution) because the main divider (N) can only increment and 
decrement in integer steps. However, the main divider of the 
fractional-N synthesizer is capable of generating steps to bea 
fraction of the comparison frequency. Now the total divider ratio 
consists of an integer part (N) and a fractional part (NF/Q). The 
numerator (NF) and the denominator (Q, either 5 or 8) of a fraction 
are controlled through software programming. 


Referring to Figure 2, to synthesize channels 1680MHz, 1680.3MHz 
and 1680.6MHz with channel spacing of 300kHz, the values have 
to be 5600MHz, 5601MHz and 5602MHz, respectively. The channel 
spacing of a fractional-N synthesizer is a fraction of the comparison 
frequency. When using the SA8025, the comparison frequency is 
increased to either 1.5MHz (mod 5) or 2.4MHz (mod 8), yielding a 
smaller N value of 1120 (mod 5) or 700 (mod 8) to synthesize 
1680MHz. 
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To synthesize 1680, 1680.3, 1680.6MHz with 
channel spacing = 300kHz 


Conventional syn. 
fyco = fcomp (N) 


$A8025 (mod 5) 
fyco = fcomp (N + NF/5) 


SA8025 (mod 8) 
fvco = fcomp (N + NF/8) 
1680 = 0.3 (5600) 


1680.3 = 0.3 (5601) 
1680.6 = 0.3 (5602) 


1680 = 1.5 (1120 + 0/5) 
1680.3 = 1.5 (1120 + 1/5) 
1680.6 = 1.5 (1120 + 2/5) 


1680. = 2.4 (700 + 0/8) 
1680.3 = 2.4 (700 + 1/8) 
1680.6 = 2.4 (700 + 2/8) 


fcCOMP fcomP fcComMP 
=fcoH =5XfcH =8xfcoH 
= 0.3MHz = 1.5MHz 


= 2.4MHz 








Figure 2. What Is Fractional-N? 





The advantage of fractional-N synthesizers is two-fold. Since the 
close-in noise floor is directly related to total divide ratio (N), 
reducing N five or eight times theoretically implies a close-in noise 
floor improvement of 14dB (20log(5)) or 18dB (20log(8)), . 
respectively. At the same time, the comparison breakthrough will be 
5 or 8 times further away than it would be if a conventional 
synthesizer were used. This allows a wider loop filter to be used, 
thus achieving a faster switching time. Faster switching is also 
achieved due to the higher number of comparison cycles. 


DESIGNING WITH THE SA8025 


Reference Signal and Divider 

Since the synthesized signal is derived from the reference signal, 
using a clean crystal with an appropriate level is crucial. The 
reference signal should be AC coupled and deliver between 300 and 
600mVp.p to Pin 8 for the input buffer to convert it into a CMOS 
compatible level. The maximum crystal frequency the part can 
handle is determined by bath analog and digital supplies because 
the input buffer and the reference divider are powered by Vppa and 
Vpp, respectively. For a Vpp = Vppa = 8V configuration, the 
maximum crystal frequency allowed is 20MHz. When Vpp = 3V and 
Vppa = 5V, this frequency becomes 30MHz. 


Phase Detector and Charge Pumps 

The main and auxiliary phase detectors (see Figure 3) detect both 
the phase and frequency difference between the divided-down VCO 
and reference signals. If the main/aux leads the reference, there will 
be a pulse coming out of the phase detector which turns on the 
N-type charge pump and sinks current from the low-pass filter. On 
the other hand, if the main/aux lags the reference, the P-type charge 
pump will be activated and more current will be delivered to the 
low-pass filter. 


Due to the internal delays of CMOS devices, the phase comparator 
needs a minimum phase difference, backlash time, to generate an 
output pulse. This backlash time will introduce a dead-zone around 
zero phase difference where a small phase error cannot be 
detected. The way the SA8025 eliminates this problem is by having 
a minimum on-time of 1/fRer for the P pump (sourcing) and N pump 
(sinking) when the loop is in lock condition, which is shown in Figure 
4. Since the charge pump on-time is determined by the crystal 
reference frequency (fer), the higher the frequency, the better will 
be the close-in noise performance. Typically, there will be 3dB 
close-in noise improvement for a 50% increase in reference 
frequency (e.g., from 9.6 to 14.4MHz). 


Since the phase detector detects phase from —2r to 2z, its gain (Kg) 
equals the charge pump output current (Icp) divided by 2x with units 
of A/rad. 
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Figure 3. Block Diagram of the SA8025 





The charge pump output current, Icp (A), is determined by the 
external resistor RN and the internal registers CN, CK and CL 
values. The Icp for normal mode operation (PHP pump only) is: 


Crs 30 


where RN = 
lan 


Figure 5 shows a graphical representation of Eq. 2. The curves are 
valid for both main and aux synthesizers. Notice that in normal 
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Qo ae 1) 


(2cL + 1) CK 


mode, currents due to the CK and CL values are negligible and only 
the PHP pump is activated. When the part is in speed-up, both 
charge pumps are on and the Icp for PHP is: 


(EQ. 3) 


(EQ. 4) 
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Figure 5. RN(RA) vs. Ipn(IRa) for Different Vopa 








From Eq. 3 notice that in speed-up mode, the PHP output current 
will be at least 3 times higher than the normal mode current even 
though CL=0. Speed-up mode stays active as long as the STROBE 
signal is high after an A word is sent. 


Bypass capacitors (100nF) should be used for RN, RF and RA pins 
to prevent high frequency noise being coupled into the pins causing 
modulation of the VCO. 


Main Divider 

The total divide ratio, N, is determined by the combination of the 
main divider ratio (NM1, NM2, NM3, NM4) and the prescaler values. 
The part is internally controlled to produce division ratios of N or 
N+1 when a fractional function is used. The minimum divide ratio, 
N’, which guarantees that all the channels above this ratio can be 
synthesized consecutively (no blind channels) is different for each 
prescaler ratio. Since the fractional-N synthesizer increases the 
comparison frequency, lower N values can be used. To accomplish 
this, the SA8025 uses a 4 modulus (64/65/68/73) prescaler that 
lowers the minimum divide ratio to 933. 


When programming a total divide ratio (N) which has no 
components of NM3 or NM4, simply treat them as “don’t cares”. 
Using divide ratios below the minimum divide ratio (N’) to synthesize 
channels is possible, but it requires trial and error. For instance, in 
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the Japan Personal Handy Phone System (PHS), the VCO is 
running at 1646.7 to 1670.1MHz (248.45MHz first IF). Using a 
modulus 8 fraction with 300kHz channel spacing, the required N 
value is between 686 and 695, which is less than the N’ of the 4 
modulus prescaler. Calculation showed that only N = 695 is not 
obtainable using the 4 modulus prescaler, but it can be obtained 
using the 64/65/73 prescaler. The B word must be sent to change 
the prescaler ratio. 


Table 1. 


Prescaler PR ae 
Total Divide Ratio, N 


64/65 4032 | N =(NM1 + 2) x 64 + NM2 x 65 
= ( ) 


N = (NM1 + 2) x 64 + NM2 x 65 + 
64/65/68 48 iiss yee 

N= (NM1 + 2)x64+NM2x654 
64/65/68/73 933 | (NM3 + 1) x 68 + (NM4 + 1) x73 

N = (NM1 + 2) x 64 + NM2 x 65 + 
64/65/73 } 00 1096: Nias yoo 


Determining the Programming Values for NM1, 


NM2, NM3 and NM4 
For the 2-modulus prescaler (64/65), NM1 and NM2 can be 
determined by: 















NM2 = 64- FRAC () (EQ. 5) 
NM1 = INT (ss) — NM2 — 2 (EQ. 6) 


where FRAC (...) and INT (...) takes the fractional integer part of the 
argument. 


For the 3-modulus prescaler, NM1, NM2 and NM3 (NM4 when PR = 
00) can be determined by: 


= N-—R)\ _ - N-R\ . EQ. 7 
K1 INT ( ar 3, K2 Frac (SSR) 64 (EQ. 7) 
NM3. = INT (2) (EQ. 8) 
NM2 = FRAC (2) -R (EQ. 9) 
NM1 = Ki — NM2 — NM3 (EQ. 10) 


where R = 4 for 64/65/68 prescaler, R = 9 for 64/65/73 prescaler. 


For the 4-modulus prescaler (64/65/68/73), we first arbitrarily 
choose NM4 (smaller values are preferable) and then use the 
following formulas to calculate NM1, NM2 and NM3:: 


= N= 13). = N-13)\ , EQ. 11 
K1 INT Ba 4, K2 Frac (N33) 64 ( ) 
NM3 = INT (<2 = 9 - NM) (EQ. 12) 
NM2 = FRAC (<2 = NMe = i. NM cA (EQ. 13) 
NM1i = K1 — NM2 — NM83 — NM4 (EQ. 14) 


Notice that the formulas shown above will give only one set of NM1, 
NM2, NM3 and NM4 that generates the desired N value. 
Generating continuous N below 933 (4 modulus) is still possible if all 
four modulus options are used. It was found that the part can 
generate N continuously from 702. The program “8025NMIN.EXE”, 
provided with the “UMAWINE.EXE” for controlling the SA8025 
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demoboard, calculates all the N values that the part can generate. 
Users should run the program to find out the right NM1, NM2, NM3 
and NM4 if N value of less than 702 is needed. This program will 
give only one possible combination of NM1 to NM4 for each N. 





program sa8025 


Philips Semiconductors, Sunnyvale, CA 
Author: Wing S. Djen 


Date: 5/9/94 
Purpose: To find the minimum divide ratio on the SA8025 





integer i, n1, n2, n3, n4, mod2, mod3a, mod3b, mod4, 


+ delta1, delta2, delta3, delta4, 
+ temp2, temp3a, temp3b, temp4 
+ lown, highn 


write(*,*) ‘Enter the lowest N value’ 
read(*,*) lown 
write(*,*) ‘Enter the highest N value—’ 
read(*,*) highn 
do 10 i=lown, highn 
do 10 n1=0,10 
do 10 n2=0,10 
do 10 n3=0,10 
do 10 n4=0,10 
mode = (n1+2)*64 + n2*65 
mod3a = (n1+2)*64 + n2*65 + (n3+1)*68 
mod3b = (n1+2)*64 + n2*65 + (n44+1)*73 
mod4 = (n1+2)*64 + n2*65 + (n3 + 1)*68 + (n4+1)*73 
delta1 = i-mod2 
delta2 = i-mod3a 
delta3 = i-mod3b_ 
delta4 = i-mod4 
if (delta1.eq.0) then 
if (temp2.eq.mod2) goto 1 
write(*,5) mod2, n1, n2 
5 format(’ PR="01" N=’,i5,3x,‘'NM1’,i2,3x, 
+ ‘NM2=’,i2) 
temp2=mod2 
endif 
1 if (delta2.eq.0) then 
if (temp3a.eq.mod3a) goto 2 
write(*,6) mod3a, n1, n2, n3 
6 format(' PR=“10” N=’,i5,3x,'NM1’,i2,3x, 
+ ‘NM2=’, i2,3x,‘NM3=’,i2) 
temp3a=mod3a 
endif 
2 _ if (delta3.eq.0) then 
if (temp3b.eq.mod3b) goto 3 
write(*,7) mod3b, n1, n2, n4 
7 format(‘ PR="00” N=’,i5,3x,‘NM1’,i2,3x, 
+ ‘NM2=",12,3x,'(NM4=’,i2) 
temp3b=mod3b 
endif 
3 _ if (delta4.eq.0) then 
if (temp4.eq.mod4) goto 10 
write(*,8) mod4, n1, n2, n3, n4 
8 format(‘ PR=“11” N=’,i5,3x,'NM1’,i2,3x, 


+ ‘NM2="’ i2,3x,‘NM3=’,i2,3x,'NM4=’ i2) 
temp4=mod4 
endif 
10 continue 
end 





The following is a sample output of the “8025NMIN.EXE” program. 
It shows the divide ratios that cover the PHS band. 
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PR=“01" - N=128 NM1=0 NM2=0 

PR="01"  -N=192 NM1=1 NM2=0 

PR="01” = N=193 NM1=0 NM2=1 

PR="11" = N=679 NM1=0 NM2=1 NM3=4 NM4=1 

PR="00” N=679 NM1=1 NM2=3 NM4=3 

PR="00" N=680 NM1=0 NM2=4 NM4=3 

PR="11"  N=680 NM1=1 NM2=1 NM3=2 NM4=2 

PR=“11” - N=681 NM1=0 NM2=2 NM3=2 NM4=2 

PR=“11”" - N=682 NM1=0 NM2=0 NM3=5 NM4=1 

PR=“11”  N=683 NM1=0 NM2=3 NM3=0 NM4=3 

PR="11"  N=684 NM1=0 NM2=1 NM3=3 NM4=2 

PR="11" = N=685 NM1=1 NM2=1 NM3=1 NM4=3 

PR="00" = N=685 NM1=3 NM2=0 NM4=4 

PR="11"  N=686 NM1=0 NM2=2 NM3=1 NM4=3 

PR="00” N=686 NM1=2 NM2=1 NM4=4 

PR="11"  N=687 NM1=0 NM2=0 NM3=4 NM4=2 

PR="00"  N=687 NM1=1 NM2=2 NM4=4 

PR="00" N=688 NM1=0 NM2=3 NM4=4 

PR="11"  N=688 NM1=1 NM2=0 NM3=2 NM4=3 

PR="11"  N=689 NM1=0 NM2=1 NM3=2 NM4=3 

PR="11"  N=690 NM1=1 NM2=1 NM3=0 NM4=4 

PR="11"  N=691 NM1=0 NM2=2 NM3=0 NM4=4 

PR="11”"-- N=692 NM1=0 NM2=0 NM3=3 NM4=3 
| PR="11"  N=693 NM1=1 NM2=0 NM3=1 NM4=4 

PR="11" = N=694 NM1=0 NM2=1 NM3=1 NM4=4 

PR="00" N=694 NM1=2 NM2=0 NM4=5 

PR="00" N=695 NM1=1 NM2=1 NM4=5 

PR="00" N=696 NM1=0 NM2=2 NM4=5 

PR=“11"  N=697 NM1=0 NM2=0 NM3=2 NM4=4 

PR="11" — N=698 NM1=1 NM2=0 NM3=0 NM4=5 

PR="11"  N=699 NM1=0 NM2=1 NM3=0 NM4=5 ~ 

PR="11” 








RF Inputs 

The RF inputs were designed to be used differentially for better 
noise rejection. However, the part can also be driven single-endedly 
with RF)jy+ or RF)\— pin terminated by a 1nF capacitor. The 
matching network between VCO and FF input was intended for 
matching both the VCO and the Main Out on the demoboard to 50Q 
(see Figure 6). ~ 





RFIN 








SA8025 








520 


520, 





Figure 6. Matching Network for the RFjy Pin 





Lock Detect 

The LOCK pin is selectable by software to be either the lock detect 
indicator, output of the main divider, output of the reference divider, 
or output of the auxiliary divider. Programming details can be found 
in the data sheet. The pin voltage will go to Vpp once the lock 
condition has been satisfied. Upon power up, the part is in an 
unknown state and the LOCK pin may go high. It will be functional 
only after the part is programmed. 


Auxiliary Synthesizer 

The auxiliary synthesizer does not have fractional-N capability. 
Therefore, its close-in phase noise and comparison breakthrough 
performance is comparable to that of a conventional synthesizer. 
However, this type of performance is not necessary for creating an 
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offset frequency for a Frequency Division Duplex (FDD) system or 


the 2nd LO in a dual-conversion receiver. Also, an FM signal (e.g., _ 


GFSK or analog FM) can be obtained by directly frequency 
modulating the auxiliary VCO in a PLL structure. The auxiliary 
phase detector has the same bandwidth (5MHz) as the main phase 
detector. Current setting for the charge pump (IR) can be 
calculated using Eq. 2 and Figure 5. The charge pump output 
current (Icp) becomes 


igo Blas (EQ. 15) 


Fractional Spurs and Compensation 

The total divide ratio of the SA8025 is constantly changing between 
N and N + 1 to achieve fractional-N capability. This effect introduces 
an instantaneous phase error at the output of the phase detector in 
lock condition, which will cause the VCO to generate unwanted 
spurs at the fractions (fyco + NF/Q) of the comparison frequency 
(fcomp). The SA8025 has internal circuitry which generates 
appropriate amounts of current to compensate for the phase error 
for different NF. 


Due to the difference in processing technology, fractional 
compensation current on the SA8025 will not follow the UMA1005. 
Experimental results show that the resistor RF has to be between 
200 and 600 kQ for optimum fractional spur suppression. It is 
recommended to adjust the CN value for the high, the middle and 
the low channel to minimize the fractional spurs. Then linear 
interpolation technique can be applied to calculate all the CN values 
for the rest of the channels. A long “A” word (A1) needs to be sent 
to change the channel and set the CN value at the same time. 


PCB Layout 

Since careful PCB layout has a great impact on the performance of 
the synthesizer, users should pay special attention to the rules in 
building RF circuits. Here are some tips for the synthesizer board 
layout: 


® Follow the layout in this document or on the demoboard. 


® It is important that VCO ground is large in size and coupled 
immediately to the grounded side of the PCB. Make sure that 
there is a clean path for the VCO ground to get to the system 
ground (power supply groundq). 


® To avoid interference, the lead between the VCO output and the 
RF input should be kept as short as possible. A 50Q termination 
resistor should be placed close to the RF input. 


® Digital ground (Vss) and analog ground (Vssa) must be separated 
on the component side of the board. They have to be large in size 
on the PCB and coupled immediately to the grounded side of the 
PCB. Designers should refer to the latter part of this application 
note for the recommended PCB layout. 


® Power supply bypass capacitors (100nF) for all devices shouid be 
located close to the devices with short leads. 


® Vssa should be separated from the ground of other devices such 
as VCO and mixer chip (NE602). 


LOOP FILTER DESIGN 

This section presents the procedure for designing the loop filter. 
Due to the sampling nature of the phase detector and the delay 
introduced in frequency dividers, complicated mathematical analysis 
is required for deriving the loop design formulas. However, to give 


September 18, 1994 


Application note 


AN1891 


designers a convenient tool for quick design, a simple design 
procedure based on linear control theory is given below. The 
detailed derivation is included in the Appendix. 


Figure 7a shows a simple 1 pole + 1 zero passive low-pass filter 
which is commonly used with the PLL synthesizer whose phase 
detector output is current. This filter has a pole at OHz and a zero at 
(1/2x Ry C;)Hz. Together with the pole introduced by the VCO, this 
filter will give a 2nd order type 2 (2 poles at OHz) PLL loop, which 
our design procedure is based upon. The inclusion of Co, Re and 
C3 (see Figure 7b} effectively introduces two more poles located far 
away from the zero. This will provide more attenuation, if necessary, 
on the spurious sidebands without affecting the 2nd ordér nature of 
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Definition of the PLL parameters: 


d: final frequency resolution after settling 
frequency error after settling 


pastes (EQ. 16) 
switching step 


§ = 
tsw: switching time (sec) 
fxy: natural frequency of the 2nd order system (HZ), wy = 27fx (rad/s) 
N: total divide ratio 
E: damping factor of the second order system. Typ. value is 0.707 
Kyco: VCO gain (Hz/V) or 2a x VCO gain (rad/V) 
Ky: phase detector gain = Icp/2n (A/rad) 


Normal Mode Design 

The set of formulas (see Appendix) presented here is valid for 
normal mode operation in which only charge pump PHP is 
connected to the low-pass filter. This assumes the STROBE length 
is short enough so that speed-up due to STROBE high is minimum 
in the switching process. Designers should use the normal mode 
design approach as a starting point and go on to the adaptive mode 
design if desired PLL performance cannot be met using this 
configuration. 


_ ~/'n (6-8) EQ. 17 
On = E A tay ( . ) 
ore Ko * Kvco | (EQ. 18) 
2 
N oy 
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0.5 
N 
Be epee (EQ. 19) 
C, 3 
ae et (EQ. 20) 
—_ { @ should be at least 10 times (EQ. 21) 
C,:R, larger than w) 


NOTE: The unit of the factor Ky x Kyco is unity when all the 
variables are expressed in radians. Therefore, designers can simply 
multiply the charge pump output current (Icp) with the VCO gain in 
Hz/V to obtain this factor. 


Adaptive Mode Design 

The adaptive mode allows designers to take advantage of having 
one filter with two different loop filter responses. When the 
synthesizer is switching from channel to channel, a wider filter 
bandwidth (speed-up) is desired. Once the loop is locked at the 
correct frequency, a narrower filter is required to achieve lower 
noise. This mode can be realized by connecting the PHI charge 
pump to the integrating capacitor C1 (see Figure 8), controlling the 
width of the STROBE (amount of time for speed-up), and 
programming the CK and CL registers. Due to this configuration, 
the zero of the filter gets muitiplied by [204+ (CK + 1) + 1]/[1 + 
2CL+1] times, which makes the loop more stable in speed-up mode. 
One drawback of this design is that switching from speed-up to 
normal current will cause a difference in the final phase error due to 
different current gain, which results in frequency instability or a 
“glitch” in the frequency domain. Because of this effect, the actual 
switching time will be longer than what the speed-up loop is 
designed for, since the loop has to re-settle again due to the glitch. 
Experimental trial of the width of the STROBE can help alleviate this 
problem. 


PHP 


SA8025 


PHI 





Figure 8. Adaptive Filter 








Definition: 
Es: speed-up mode damping ratio 


En: normal mode damping ratio 
Wys: speed-up mode naturai frequency 


yn: Normal mode natural frequency | 


Design Steps: 
1. Calculate @yjs to meet the system switching time requirement 
using Eq. 17. 


2. Decide how many times oyn is smaller than oyg. 5 times will 
be a good number. 


3. Calculate filter component values using Eq. 17 to Eq. 20. 
4. Calculate CL and CK values according to 


ma) 
Es Me 1) 


(EQ. 22) 
En * Onn 


CL = 3.32 log,, ( 
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w 
Fae (a | (Pe 


(ao = 1) 
5N°ONN 


The above procedure ensures the loop bandwidth in speed-up mode 
is 5 times greater than that in normal mode while maintaining the 
required stability of the loop. 


(EQ. 23) 


DESIGN EXAMPLE 


This section shows a design example using the SA8025 for the 
Personal Handy Phone System (PHS), where the device is used in 
the normal mode (only PHP charge pump is active). The system 
parameters are as follows: 


VCO frequency (fyco) = 1646.7 to 1670.1MHz 
Channel spacing (fcy) = 300kHz 

Comparison frequency (fcomp) = 8 x 8300kKHz = 2.4MHz 
Switching time (tsy) = 500us 

Switching step = 25MHz 

Frequency error = within 1kHz 

VCO gain (Kyco) = 15MHz/V 

Reference Crystal (fper) = 19.2MHz 


Determine total divide ratio N 

To synthesize channels from 1646 to 1670MHz with fcomp = 
2.4MHz, N should be between 686 and 695. For the same loop 
components, larger N yields smaller natural frequency (fx). So, 
jumping from high-end to.low-end (larger N) is slower than from 
low-end to high-end (smaller N). To ensure the same switching time 
from either direction, we use N = 695 for the worst case. 


Determine wn 


Using Eq. 16 
_ 1000 _ ‘ 
8 = 2566 0.04e-3 
Pick & = 0.707 and use tsw = 400us for safety. 
Using Eq. 17 
_ -04e-3 - 0.707 
Bie In (0.04e-3 - 0.707) = 37,035 


0.707 - 400e-6 


Determine Ry and Icp 

Pick RN = 10kQ and CN = 100. retenibg’ to Figure 5, Ip~ becomes 
80nHA when Vppa = 3V. 

Using Eq. 1 


80e-6 
lop = 100 { 32 = 250pA 





Determine Ry, C; and Co 
rn Eq. 18 with 2z’s from Kyco (rad/V) and Kg (A/rad) cancel out 


250e-6 
{ ee Sa 

C, = 15e6 (act 37, ad 3.93nF 

Using Eq. 19 
695 0.5 

Ry, = 2:0.707- TER ~250e-6 © ans} Gene 
Using Eq. 20 

C, = 39869 — 390pF 





Philips Semiconductors RF Communications Products 


SA8025 Fractional-N synthesizer for 2GHz band applications 


Determine Rg and C3 
Re and C3 can help attenuate the unwanted fractional spurs at 
300kHz offset. 
Using Eq. 21 
{ 


oO Tees = 10W,, 





Pick Ro = 18kQ, then C3 = 150pF. 


Fractional spurs compensation, if necessary 

With fcomp = 300KHz, there would be some spurs located at 
300kHz or multiples of 300kKHz when NF not equal to 0. For this 
particular design, we are able to use a fixed CN value (100) to 
achieve spurs suppression of at least -64dBc for spurs located at 
300kHz carrier offset. Spurs located at other frequencies are not 
present. 


Design results 








18kQ 
WA @ ( )}— 








PHP 
SA8025 10kQ vco 
390pF == 150pF 
PHI a 3.9pF | ‘ile 








Figure 9. Main Loop Filte 


Component values used on the demoboard: 
C31 = 3.9pF 

R23 = 10kQ 

C32 = 390pF 

R24 = 18kQ 

C33 = 150pF 

R21 = 560kQ (RF) 

R22 = 10kQ (RN) 


Software setting: 
CN = 100 
STROBE = 190s 


MEASUREMENT RESULTS 

The major performance parameters for a PLL synthesizer are 
close-in phase noise, spurious sidebands and switching time. This 
section presents the measurement results obtained from the design 
made in the section on LOOP FILTER DESIGN. 


Close-In Phase Noise 

The close-in phase noise level directly correlates with the residual 
FM and integrated jitter performance, two integrated noise 
parameters. It is measured within the loop bandwidth (the peak of 
the “hump” around the carrier) at a specified carrier frequency offset, 
é.g., 1KHz, and it is expressed in -dBc/Hz. Figure 10 displays the 
result of such a measurement. The carrier is located at 1668.3MHz 
(NF = 1) and the span is 10kHz. .The resolution bandwidth 
(measurement bandwidth) is 100Hz. Therefore, the close-in phase 
noise at 1kHz offset is: 


= -58.2dBc — 10 log (100) 


= -78.2dBc/Hz 
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Spurious Performance 

Figures 11 and 14 show the spurious performance of the highest 
and the lowest bands of interest with NF = 1 and 7, which are the 
worst case for fractional spurs. Other spurs within the band are 
totally compensated. 


Switching Time 

The switching time (see Figures 15 and 16) was measured using the 
HP 53310A Modulation Domain Analyzer (MDA) with option 031. 
Under the TRIGGER Menu of the MDA, “Triggered”, “Ext Edge” and 
“Arm Only” were selected. The instrument was setup to accept an 
external trigger, which was the STROBE signal used for 
programming the synthesizer. This signal was connected to the Ext 
Arm input while the VCO signal was fed into the Channel C. The 
MDA would display the frequency versus time variation of the VCO 
signal upon the arrival of the STROBE signal. This design achieved 
a switching time of 400us to within 1kHz of the final frequency for'a 
21.6MHz jump between 1646.7 and 1668.3MHz in either direction. 
The STROBE width used in this experiment was 190us. 





MKR A 1.00kHz 


hp REF 0.0dBm ATTEN 10dB -58.20dB 


MKRA 
1.00kHz 
-58.20dB 



































SPAN 10.00kHz 
SWP 7.5 sec 


CENTER 1668.30026MHz 
RES BW 100Hz 


Figure 10. Close-In Phase Noise at 1668.3MHz 


VBW 30Hz 








MKR A 300kHz 
ATTEN 10dB -69.20dB 


a hp REF 0.0dBm 


MKR A 
300kHz 












































| CENTER 1646.692MHz SPAN 2.000MHz 


SWP 1.5 sec 


VBW 300Hz 


RES BW 10kHz 
Figure 11. Fractional Spurs (fyco = 1646.7MHz, NF = 1) 
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MKR A 300kHz 


ATTEN 10dB -65.70dB 


hp REF 0.0dBm 








MKR A 
300kHz 
-65.70dB 















































CENTER 1648.494MHz SPAN 2.000MHz 
RES BW 10kHz SWP 1.5 sec 


Figure 12. Fractional Spurs (fyco = 1648.5MHz, NF = 7) 


VBW 300Hz 








hp REF 0.0dBm ATTEN 10dB 





MKRA 
300kHz 
-72.60dB 






































SPAN 2.000MHz 
SWP 1.5 sec 


CENTER 1668.290MHz 
RES BW 10kHz 


Figure 13. ‘Fractional Spurs (fyco = 1668.3MHz, NF = 1) 
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-67.10 


hp REF 0.0dBm ATTEN 10dB 
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300kHz 
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SPAN 2.000MHz 
SWP 1.5 sec 


VBW 300Hz 


CENTER 1670.090MHz 
RES BW 10kHz 


Figure 14. Fractional Spurs (fyco = 1670.1MHz, NF = 7) 
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VERTICAL 


ows = Top/ 
Seem Bottom 






hp Freq C tlk only 
waiting for trigger 


1.6683035401GHz 










enter 


1.6683015401GH 








1.6683015401GHz 
—2.500ms 


T1 0.00s 






Find Center 
And Span 


ref int 
Figure 15. Switching Time (1668.3 to 1646.7MHz Step to 
Within 1kHz) 








0.00s 
500.0 p s/div 


T2 400ps A 400us 











[ hp Freq tkonly VERTICAL 
waiting for trigger Center/ Top/ 
1.6467033874GHz Siu Bottom 
enter 
1.6467023874GH 
Span 
| | 





1.6467013874GHz 


2.500ms | Find Center | Center 


—2.500ms 0.00s 
500.0 1 s/div 
T1 0.00s T2 400ps A 400us 
Find Center 
ats ref int 
Figure 16. Switching Time (1646.7 to 1668.3MHz Step to 
Within 1kHz) 








MODULO 4 DESIGN 

Previous sections showed a design using a 4 modulus prescaler 
(64/65/68/73) to synthesize total divide ratios (N) from 686 to 694. 
This requires sending both B and A words since NM4 is stored in B 
word. In some designs, users may prefer to send only one word for 
channel switching due to hardware limitation. We could have used 
modulo 5 (FMOD = 5) to make N five times higher and used a triple 
modulus prescaler (64/65/68 or 64/65/73). In some situations this is 
impossible since the comparison frequency has to be an integer 
factor of the crystal reference. For instance, if fpe¢ is 19.2MHz and 
fcH is S300KHZ, fcomp becomes 1.5MHz, which is not an integer 
factor of 19.2MHz. To get around this problem, a modulo 4 design 
must be used. 


Figure 17 shows the concept of a modulo 4 design. In the mod 4 
case, fcomp is four times the channel spacing, foy. Instead of 
programming NF to one through seven, even numbers are used. 
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spacing = 300kKHz using mod 8 and mod 4. 
SA8025 (mod 8) 
fvCo = fCOMP (N+NF/8) 
1656.3 = 2.4 (690 + 1/8) 
1656.6 = 2.4 (690 + 2/8) 
1656.9 = 2.4 (690 + 3/8) 
1657.2 = 2.4 (690 + 4/8) 


SA8025 (mod 4) 
fvco = COMP (N+NF/8) 
1656.3 = 1.2 (1380 + 2/8) 
1656.6 = 1.2 (1380 + 4/8) 
1656.9 = 1.2 (1380 + 6/8) 
1657.2 = 1.2 (1381 + 0/8) 





fCOMP «COMP 
=8xfcH =4xfCH 
= 2.4MHz = 1.2MHz 





Figure 17. 


To achieve the same loop response with the mod 8 design, the 
same loop filter with twice the charge pump current can be used. 
This can be derived from Eq. 18. When N is doubled, Kg (two times 
more current) has to be doubled as well to maintain the same 
natural frequency which determines the switching time and residual 
FM. In this case, we use CN = 200 for the mod 4 design. 


The only penalty of this method is that theoretical close-in phase 
noise performance is affected. Since N is twice as much, the 
close-in noise floor should be 20log(2) = 6dB higher. However, 
minor degradation for using mod 4 was measured in the laboratory. 
This could be due to the fact that the comparison cycles are fewer 
with mod 4, which makes the charge pump ON time less, thus 
producing less noise. In addition, higher charge pump current 
improves the phase noise. 


MOD 4 DESIGN MEASUREMENT RESULTS 

Figures 18 to 22 show the measurement results for the mod 4 
design. The close-in phase noise level is shown to be -77.1dBc/Hz 
at 1kHz carrier offset with a measurement bandwidth of 100Hz. 
Spurious sidebands (see Figures 19 and 20), which are caused by 
fractional jitter, are -67dB down from carrier for the high band and 
-68dB down for the low band. Switching time (see Figures 21 and 
22) is exactly the same as the mod 8 design (400us) because the 
loop natural frequency is the same for both cases. 
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MKR A 1.00kHz 
ATTEN 10dB - OdB 


i 
oe ae 
Sa 
| 
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hp REF 0.0dBm 











MKR A 
1.00kHz 
-57.10dB 

















SPAN 10.00kHz 
SWP 7.5 sec 


CENTER 1668.30026MHz 
RES BW 100Hz 


Figure 18. Close-in Phase Noise at 1668.3MHz 
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MKR A 300kHz 
68.10 


hp REF 0.0dBm ATTEN 10dB -68.10dB 






































SPAN 2.000MHz 
SWP 1.5 sec 


CENTER 1646.692MHz 
RES BW 10kHz ~ 


Figure 19. Fractional Spurs (fyco = 1646.7MHz, NF = 2) 
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MKR A 300kHz 


hp REF 0.0dBm ATTEN 10dB -67.10dB 






































CENTER 1668.290MHz SPAN 2.000MHz 
RES BW 10kHz SWP 1.5 sec 


Figure 20. Fractional Spurs (fyco = 1668.3MHz, NF = 2) 


VBW 300Hz 
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VERTICAL 


anys — Top/ 
Seeum Bottom 
enter 
1.6683025631GH 
A Span 
if PACs | 
250.0HZ/div 


hp Freq C tlk only 


waiting for trigger 
1.6683035631GHz 





1.6683015631GHz 


2.500ms Find Center 








~2.500ms 0.00s 
~ 500.0 1 s/div 

T1 0.00s T2400 us A 400 ps 

: Find Center 
ref int 
Figure 21. Switching Time (1668.3 to 1646.7MHz Step to 
Within 1kHz) 

hp Freq C tlk only VERTICAL 


waiting for trigger 
1.6467034114GHz 


ON, = TOp/ 
Seel Bottom 
enter 


1.6467024114GH 


H| — Span 
| 2.0000kHz | 
250.0HZ/div 





1.6467014114GHz 


2.500ms Find Center 


~2.500ms 0.00s 
500.0 1 s/div 

T1 0.00s T2 400us A 400 us - 
Find Center 
And Span 

ref int 
Figure 22. Switching Time (1646.7 to 1668.3MHz Step to 
Within 1kHz) 





FREQUENTLY ASKED QUESTIONS 

Q. The part is powered-up and programmed. The VCO is still 

free-running. What’s wrong? 

A. Three things to check for if the PLL does not lock: 

1. Make sure the correct data have been transmitted to the 
CLK, DATA and STROBE pins 

2. Make sure a reference signal with correct frequency and 
amplitude are present at the REF jj pin. 

3. Make sure that the prescaler value is chosen correctly. 
The SA8025 has two 3 modulus prescalers and uses 
different programming bits. 

4. Be aware of cold solder joints. Pay special attention to 
the loop filter section and the connection from the VCO 
to the RFjy pin. 


Q. The synthesizer locks up, but it locks at a wrong frequency. 
Why? 

A. Check the NM1, NM2, NM3 and NM4 bits. Make sure they are 
correctly programmed. 


Q. | see spurs sitting at the comparison frequency offset and they 
don’t change with the filter bandwidth. How can | get rid of 
them? 
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. These spurs may be caused by improper grounding of the VCO 


and the filter section. Make sure they all have short and clean 
paths going back to the supply ground. Also, clean the filter 
section to avoid leakage. 


. |see some spurs which are neither fractional nor comparison 


spurs. What are they? 


. Since the VCO is a very sensitive device, it can be influenced by 


many noise sources. Common ones are: 

1. Computer monitor. The sweeping frequency of the screen 
will modulate the VCO and create spurious sidebands at 
30 to 40kHz carrier offset. ; 

2. Free-running auxiliary VCO. Even though the EA bit is 
disabled, if the auxiliary VCO is still ON, it will modulate 
the main VCO and cause spurs. 

3. Fluorescent lamp. 


. How can the residual FM be improved? 
. Three things can be done to improve residual FM: 


1. Use a narrower loop filter. 

2. Use a higher crystal reference frequency. This will reduce 
the charge pumps ON time and make the charge pumps 
generate less noise. 

3. Use higher charge pump output current. This will increase 
the signal to noise ratio at the charge pump, which makes 
the circuit less noisy. 


. When | FM modulate the AUX synthesizer, | see modulation on 


the MAIN carrier as well. Is that normal? 


. Yes, that is normal. The amount of interference between the 


AUX and the MAIN has to be verified experimentally. 


. If | double the phase detector gain (twice the current), what 


should be done to keep the switching time the same? 


. Referring to Eq. 18 and Eq. 19, the value of C; should be 


doubled and R; should be halved if you want to maintain the 
same natural frequency of the loop when the detector gain (Kg) is 
twice what it was before. 


. When | use the 3 modulus prescaler (PR = 10), what should the 


values for NM4 be? 


. Simply treat them as “don’t cares”. 


. What is the phase detector gain? Is it charge pump output 


current divided by 2x or just the charge pump output current, 
itself? 


. The phase detector gain (K9) is equal to the charge pump output 


current (Icp) divided by 2x since the phase detector covers 2x 
range. However, when we use the design formulas shown in the 
“Loop Filter Design” section, Ky can be replaced directly by Icp 
because the 2z factor will be cancelled out by the 2x from the 
VCO gain, Kyco. 


. What should | do with the RA and PHA pins when the auxiliary 


synthesizer is not used? 


. When the auxiliary synthesizer is not used, leave PHA open, 


connect AUXiy to ground, connect RA to Vppa or leave it open 
and program EA bit to zero. 


. Variations on the RF pins input impedance for different prescaler 


value can cause VCO pulling. Does that happen to the SA8025? 


. The RF input to the prescaler is well buffered, and the input 


impedance should always stay the same. 
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. Can the clock signal be disconnected after the A word is sent? 
. Yes, the clock signal can be disabled after the A word is sent and 
enabled again for sending new words to the part. 


> Oo 


Q. Can | drive the part with a +5dBm RF signal even though the 
spec is OdBm max? 

A. Users should refer to the graphs put in the latter part of the data 
sheet for minimum and maximum input power. The device 
should be able to handle +5dBm at 1800MHzZ, but this is not 
guaranteed in the data sheet. 


Q. | am doing open-loop modulation on the main synthesizer. How 
do | put the charge pump to high impedance state to allow 
modulation? 

A. Program CN register to zero. This will set the charge pump to a 
high output impedance state so that FM modulation can be done. 


Q. Is the demoboard layout good for any applications? If not, what 
should | do? 

A. The demoboard layout included in this document was optimized 
only for this particular design. Designers should consult the PCB 
layout hints in the “PCB Layout” section of this application note 
when laying out circuit boards for other applications. 


Q. | am using the S8025 for PHS system and seeing different 
amplitudes on the fractional spurs from part to part. However, 
this variation does not appear to affect my RX/TX performance. 
Is this a safe assumption? 

A. Yes, because the SA8025 is targeted for the PHS system and 
any spurs that only fall in the adjacent channels (at 300kHz 
carrier offset) are acceptable for the PHS. 


REFERENCES 
“Digital PLL Frequency Synthesizers”, Ulrich L. Rohde, Prentice 
Hall, 1983. 


“Designer Guide to Frequency Synthesis Using the UMA1005”, 
Application Note, Report No: SCO/AN92002. 


“Modem Control Systems”, Richard C. Dorf, Addison Wesley, 1989. 


APPENDIX 


Derivation of the 2nd order PLL design formula: 
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Figure 23. PLL Block Diagram 








The transfer function of the loop low-pass filter is represented by: 


F(s) = SRG +1 (EQ. 24) 


The low-pass filter has a pole at OHz (set denominator to zero) and 
a zero at 1/2nRC Hz (set numerator to 0). 


Referring to Figure 23, the open-loop response of the system 
(multiplication of the Forward Gain and Feedback Gain) becomes: 


_ Ke" Kvco (see + t 


(EQ: 25) 
Ns sC 


G(s)H(s) 
Phase Margin (opyy) is defined as the difference between -180° and 
the phase at the point where the open-loop response has unity gain. 
A stable system must have a opy greater than 0°. Eq. 25 shows 
that there are two poles sitting at OHz, one from the filter and one 
from the VCO, which causes -180° phase shift. In order to have a 
stable system, a zero has to be added to the filter so that dpyy will be 


greater than zero. py is related to the damping factor, €, with € = 
0.01 x Opry. 


To find the characteristic equation (CE) of the system, we equate 1 + 
G(s)H(s) to zero. Therefore, 


Ki Kyeq (SRC + 1) 
14+ co) veo ( 


= EQ. 26 
rE 0 ( ) 
The CE becomes 
K, °K -R K,°-K 
2 co) VCO co) VvcO EQ. 27 
SP ( ) 


Compare Eq. 27 with the standard 2nd order CE (s? + 2C@ys + 

Wy"), we have 

Ky * Kyco 
N @y? 


2 _ Ky *Kyco 


EQ. 28 
15 ( ) 


Wry C= 


Kian A 
ONE ey ee fe Nee 


which are the design used in “Loop Filter Design” section. 


0.5 
2E0,? = (EQ. 29 
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BOTTOM VIEW 


' Figure 25. SA8025DK Demoboard Layout (NOT ACTUAL SIZE) 
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Table 2. Customer Application Component List for SA8025DK 


[aty. [PartValue| Volt]  PartReference | _PartDescription ‘| Vendor | Mfg | —-PartNumber__ 
Surface Mount Capacitors . 
024, C78 Garret MCHSTSABRZCK 


Cap. cer. 1206 NPO +5% MCH315A120JK 


NO 
oO 


“cer 

1 | 15pF Garrett MCH315A150JK 
1 [18pF ‘| 50V : arrett MCH315A180JK 
1 | S6pF arrett | Rohm — [MCH315A560JK 
50V [633 Garrett_ 


| 
Nh 
io) 


Sa fie 
NI] oO 


Rohm MCH315A151JdK 


MCH315A391JK 


O32 Garret 
C9, C10, C13, C15, C19 | Cap. cer. X7R+10% Garrett | Rohm | 

C31 Cap. cer. X7R +10% tt MCH315C392KK 
C11, C25, C27 Cap. cer. X7R +10% MCH315C103KK 


C2, C4, C6, C8, C12, C21, | 
pa | la C28, C29, C35 Cap. cer. X7R +10% Rohm MCH315C104KP 


0.15uF | 16V | C26 Cap. cer. X7R +10% tt MCH315C154KP 


4.7uF C1, C3, C5, C7 __ | Tant. chip cap. A 3216 +10% | Garrett | Philips [49MC475B010KOAS 


Rohm MCH315A102JNP 


Surface Mount Resistors 
aa Ca 
510 
560Q 
3.3kQ 
4.3kQ 
8.2kQ 
9.1kQ 
10kQ 


R5, R8, R25 Res. chip 1206 1/8W +5% Garrett MCR18JWO00E 


R14, R15, R16 Res. chip 1206 1/8W +5% Garrett MCR18JW180E 
Rit Res. chip 1206 1/8W +5% Garrett MCR18JW270E 


Res. chip 1206 1/8W £5% 


Res. chip 1206 1/8W +5% Garrett _ MCR18JW510E 
Garrett MCR18JW561E 


R1, R3, R6 Res. chip 1206 1/8W +5% arrett MCR18JW332E 


R5, R8, R25 Res. chip 1206 1/8W +5% 


} arrett MCR18JW432E 
Res. chip 1206 1/8W +5% arrett MCR18JW822E 


— Ny — 
© oo] ES) 


R2, R18 Res. chip 1206 1/8W +5% tt MCR18JW912E 


R10, R12, R17, R22, R23 | Res. chip 1206 1/8W+5% = | Garrett | Rohm — | MCRI8JW103E 
18kQ Garrett. | Rohm | MCR18JW183E 
130kQ Garrett | Rohm — | MCR18JW134E 
ps6oKa | RD [Res. chip 1206 TeW25% | Garrett_| Rohm | MCRTBIWS64E 
Surface Mount Diodes 
Digikey | Philips | BB215 
Digkey | 
nS OS [inductor SM Mog WWA | Garrett_[ JW. Miller_[ PM20-RT6N 
ne ee Garrett_| JW. Miller_| PM20-ROBN 
Ps [TT «dua. U2 Us —«*Wotagereguiator———SS=«d;Cgikey [| —=«v MB VLZ 
Rn a [Temp- controlled orystalose. [| TEW | TEW | TXST034N-T0.2MHz 
vco 
[1 [reermz T [62 [Voltage controlledosc. ‘| _Muraia_| Murata Erie [MIQE530-1667 
Pate == sa ea SABO2EDK 
i [Double Balanced Mixer Oscilator | Philips | Philips | NE/SAGOZA 


zo as) SMA1, SMA2, SMA3 | SMA right angle jack receptacle | Newark | EF Johnson | 142-0701-301 


ae 
rh 
aS 


ou 


fs 
Ee ae ee MKS1956-6-0-606 
ee eee 

a 

Pasa 


Male 2-pins connector STOCKO STOCKO | MKS1851-6-0-202 
2 as | 
2 ne Printed circuit board Philips | Philips SA7025/8025-M 


75 Total Parts ; 


Pr Digkey | _ aM | 92064736 


hoy 
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GENERAL DESCRIPTION 


The TDD1742T is a low power, high-performance frequency synthesizer in local oxidation CMOS 
-(LOCMOS) technology. The device is designed for use in channelized VHF/UHF applications especially 
portable and mobile radios. 


The circuit incorporates many of the features of the HEF4750V (frequency synthesizer) and HEF 4751 
(universal divider), including a high-gain phase comparator together with an on-chip sample-and-hold 
capacitor and phase modulator. 


A multiplexed or bus-structured programming sequence allows interface to a microcontroller or éxternal 
memory (ROM/PROM); power is applied to the memory only when it is required for programming via 
additional onthip circuitry. 


Operation is possible with a minimum supply voltage of 7 V and a maximum input frequency of 8,5 MHz. 


Encapsulation in a 28-lead mini-pack enables the construction of small, low power consumption syn- 
thesizers with low noise performance and high side-band attenuation. 


Features 


On-chip sample-and-hold capacitor 

Low power consumption 

High-gain phase comparator with low levels of noise and spurious outputs 
Auxiliary digital phase comparator for fast locking 

On-chip phase modulator 

Simple interfacing to external memory 

Microcontroller compatible 

Power-on reset circuitry 


QUICK REFERENCE DATA | 
a ee ae ee ee 
Supply voltage ranges 


pin 14 | Vpp1= V14-6 7t0 10 V 
pin 8 Vpp2= V8-6 45to5 V 
pin 1 Vop3 = V1-46 7to 10 V 


Supply current 

(at Tamb = 25 °C; Vpp1= Vpop3= 7.4 V; Vpp2= 5 V) 
pin 14 (phase modulator OFF) lpp1 =!'14 max. 1,5 mA 
pin 8 Ipp2 =!g max. 100 pA 
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PINNING 


Pin functions 


pin no. 


1 
2 


Oo 


10 


11 


February 1987 


“wn © Om ff 


mnemonic 


VoD3 
PC1 


PC2 


I.C, 
CLK 


Vss 
DIV(M) 


VpbD2 
FB 


OL 


RESET 


VOD3 1 :! BRA 
BRC 
BRB 
i.c. | 4 | MEMEN 


MOD 


TDD1742T 





7Z81435 


Fig. 2 Pinning diagram. 


description 
Power Supply 3: analogue supply voltage (7 to 10 V). 


Phase Comparator 1: high-gain analogue phase comparator output 
which is used when the system is in-lock to give low levels of noise 
and spurious outputs. 


Phase Comparator 2: low-gain digital phase comparator 3-state output 
which enables the achievement of fast lock times when the system 

is initially out-of-lock. Phase comparator 2 is inhibited when the phase 
is within the locking range of phase comparator 1. 


internally connected (must be left floating). 
Clock: clock output. 
Ground: circuit earth potential. 


Divider: input to the main programmable divider (8,5 MHz max.), 
usually from prescaler. 


Power Supply 2: supply voltage for TTL-compatible stages (+ 5 V + 10%). 


Feedback: feedback omteu to control the modulus of the external 
prescaler. 


Out-of-lock: out-of-lock indication flag output. This output is HIGH 
when phase comparator 2 is in operation (when the system is out-of-lock). 


Power-on-Reset: Following power up an initial pulse is applied to this 
input pin to set the internal counters. 
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Pin functions (continued) 


pin no. 
12 


13 


14 
15-18 
19-21 


22 


23 


24 


25 


26 


2/7 
28 
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mnemonic 


XTAL 


OSC 


Vpp1 
DB3-DBO 
ABO-AB2 


PE2 


PE1 - 
MOD 


MEMEN 


BRB 


BRC 
BRA 


description 


Crystal: output to external crystal to form the oscillator circuit in 
combination with the OSC input. . 
Alternatively this pin may be used as a buffer output. 


Oscdlator: input to reference oscillator which together with the XTAL 
output and an external crystal is used to generate the reference frequency. 
Alternatively to OSC input may be used as a buffer amplifier for an 
external reference oscillator. 


Power Supply 1: digital supply voltage (7 to 10 V). 
Data Bus: Data Bus inputs (TTL compatible). 


Address Bus: TTL compatible bidirectional address bus. Provides address 
output to an external memory or input from microcontroller. The outputs 
are 3-state with internal pull-downs. 


Program Enable 2: | TTL compatible inputs to initiate the 
programming cycle or strobe the internal 


Program Enable 1: | data latches. 


Modulator: high impedance linear phase modulator input, which applies 
a voltage controlled delay to the programmable divider output to the 
phase comparator. 


Memory Enable: mode contro! and memory enable bidirectional pin. 
If pin 25 is LOW at general reset the TDD1742T is set to the micro- 
controller mode; if pin 25 is HIGH at general reset the TDD1742T is 
set to the memory mode and the ROM/PROM is enabled. : 


Bias Resistor B: current mirror which acts as gain control for the phase 
modulator. 


Bias Resistor C: current mirror pin which provides analogue biassing. 


Bias Resistor A: current mirror pin which acts as gain control for 
phase comparator 1. 
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FUNCTIONAL DESCRIPTION 
Reference oscillator chain 


The reference oscillator chain comprises a crystal Peeater and dividers to give the required frequency 

to drive the phase comparators. 

The oscillator stage is a single inverter connected between pin 12 (XTAL) and pin 13 (OSC). Satisfactory 
operation is achieved with crystals up to 9 MHz. Alternatively, the OSC input may be used as a buffer 
amplifier for an external reference Oscillator. 

The reference divider chain comprises a fixed divide by 4-stage followed by three cascaded programmable 
dividers of ratios + 12/13/14/15, + 5/6/7/9 and + 1/2/4/8. The output of the last stage is applied as one 
input (R) to the two phase comparators. Thus a number of division ratios between 240 and 4320 are 
possible which provides all the required VHF and UHF channel spacings with reference crystals in a 1 to 
9 MHz range. 


Main programmable divider 


The main programmable divider is a rate feedback binary divider. As shown in figure 1 it comprises a 
fixed 7-bit binary divider (+ 128) and two rate selectors (ny and ng). One rate selector controls a 7-bit 
fully programmable dua! modulus divider (+ n9/ng + 1) and the other controls the external dual modulus 
prescaler (+ A/A + 1). 


The overall division rate (N) is given by: 
N=({128n9+n1) At+ng 


Where: 
O<ngS 127 
O<ny S127 
1<ng S127. 


The output from the programmable divider is fed to the phase sohapaisiers via the phase modulator and | 
the multiplexer. The phase modulator is bypassed if not selected. 


Phase comparison 


The TDD1742T contains 2 phase comparators which act in close co-operation. Phase comparator 1 is 

the main comparator, It is designed to have a high-gain analogue output, 4500 volts/cycle at 10 kHz (typ.). 
This enables a low noise performance to be achieved. However, the output of phase comparator 1 will 
saturate at high or low levels for very small phase excursions. 

Phase comparator 2 is an auxiliary comparator with a wide range, which enables faster lock times to be 
achieved than otherwise would be possible. This digital phase comparator has a linear + 2 7 radians phase 





= volts/cycle, 

To avoid degrading the noise performance of the system by the relatively low gain of phase comparator 2, 
once a smal! phase error has been achieved an internal switch disconnects phase comparator 2, leaving 
only phase comparator 1 connected. Thus the low noise properties of phase comparator 1 are obtained 
once phase-lock has been achieved. | 


range, which corresponds to a gain of 
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FUNCTIONAL DESCRIPTION (continued) 
Phase comparator 1 (see Fig. 3) 


Phase comparator 1 is comprised of a linear ramp generator and a sample and hold circuit. 


EOR 


VMUX 


PC1 
RAMP/ 
HOLD/ 


RESET/ 


LOGIC 


bo---~-—-----—»> 


R ONE-SHOT 
OSCILLATOR 





7281436.1 


Fig. 3 Simplified block diagram of phase comparator 1. 


A negative-going transition at the Vaqux input causes the hold capacitor Ca to be discharged via 
switch $1 and constant current source | 1. 

A positive-going transition at the Vayu x input causes the hold capacitor Ca to be charged via 
switch S2 and constant current source 19, which produces a linear ramp. 

A negative-going transition at the R input terminates the linear ramp. 

Capacitor Ca holds the voltage that the ramp has attained, and is buffered by the voltage follower 
VF1. After the output of VF1 is stable (2 us), the sample switch S3 is closed for approximately 1 us 
by the one-shot oscillator. This enables the capacitor Cc to charge to the voltage level of VF1 and in 
turn buffered by voltage follower VF2 made available at output PC1. 

The construction and smal! duty eycle of the sample switch S3 provides a low hold step, resulting in 
a minimum side-band level. 

If the linear ramp terminates before a negative-going transition at the R input is present, an end of 
ramp (EOR) signal is produced, generating in turn an out-of-lock (OL) signal. OL enables phase 
comparator 2 via the out-of-lock detector. 


These actions are illustrated in the waveforms of Fig. 4 and Fig. 5. 


The gain of phase comparator 1 as measured at PC1 is given by: 


446 | 
PC gain = aon 
FR 
Where: 
IBRA Isin “A 


FR is the phase comparator reference frequency in kHz 
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a SN 
$3 | | 
OFF 


EOR 


7281437 


Fig. 4 Waveforms of phase comparator 1; in-lock condition. 


VMUX | | 


R 
a a aA aaa a all gp ee Vpb3 
Ca 
5 aN I og te See A oe Ba Se foe et rine ee Vss 
ON 
S3 
OFF 


a 
7281438 


Fig. 5 Waveforms of phase comparator 1; out-of-lock condition. 


When Vujyx leads R the output signal at pin 2 (PC1) is proportional to the phase difference (in-lock 
condition) or HIGH (out-of-lock condition). 
When R leads Vaqux the output signal at pin 2 (PC1) remains LOW. 


PC, 
output 
voltage 


7Z81439 


aw 


Fig. 6 Phase characteristic of output PC1. 


——_» 
“Vmux OR 
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FUNCTIONAL DESCRIPTION (continued) 


Phase comparator 2 (see Fig. 7) 


LOW if phase comparator 1 operates VDD3 


LOW 
PHASE in jocked PC2 
COMPARATOR 2 state 


to out-of-lock circuitry 





7281440 


Fig. 7 Simplified block diagram of phase comparator 2. 


The digital phase comparator (PC2) has three stable states: 


@ Reset 
® Viux leads R - 
@ R leads VMuUXx “4 


Table 1 Phase comparator 2: stable states and corresponding output levels 


Vuux leadsR | R leads Viqux 


reset 
VmMUX leads R 
R leads Viqux 






Transition from one state to another takes place on command of either an active Vaqu x-edge or an 


active R-edge as shown in Fig. 8. 


active R-edge active R-edge 
(negative going) (negative going) 
5 ee Sa 









— ~— 


rarest ie 
R 
LEADS 
J VMUX 
active Vag -edge active Vaquy-edge 
(negative going) (negative going) 7Z81441 


Fig. 8 Transition of state; phase comparator 2. 
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The output of phase comparator 2 produces positive or negative going pulses with variable width, 
dependent on the phase relationship of R and Vyqyx. 

The average output voltage is a linear function of the phase difference. Output at pin 3 (PC2) remains 
in the high impedance OF F-state in the region in which phase comparator 1 operates 


PCo 
average Pa 


output £ - 


| _ 


Fig. 9 Phase characteristic of output PC2. 


7Z81442 





To reach the reset state of phase comparator 2 it is necessary to apply: 
® 2Vmux + R* 

or 
e@ 2R+ Vyux 


Thus to achieve the R leads Vpyyj state 2R must be applied; to achieve the Viyyjx 7 leads R state 
2VMUX Must be applied. 


Out-of-lock function 


There are several situations when the system goes from the locked to the out-of-lock state (OL output 
goes HIGH): 


® Vmux leads R, however out of the range of phase comparator 1 

@ R leads Vaux 

@ R-pulse is missing 

® VmMux-Pulse is missing ; 


In the first three situations the locked state can be reset by applying two successive cycles within the 
range of phase comparator 1. 

In the fourth situation the locked state can be reset by applying a Viqujx pulse followed by two 
successive cycles within the range of phase comparator 1. 


Phase modulator (see Fig. 10) 


The linear phase modulator applies a voltage controlled delay to the signal from the programmable 
divider to the phase comparator input. The gain of the phase modulator is adjustable via an external 
bias resistor (BRB) which is connected between pin 26 and ground. 

The time delay introduced into the V path to the phase modulator is: 


909 

IBRB 
When a positive-going transition appears at the V-input, the D type flip-flop produces a HIGH V’ level 
and causes capacitor Cp to produce a positive-going ramp via switch $1 and constant current source 
I4 starting at the Vos potential. When the ramp has reached a value equal to the modulation input 
voltage (at MOD), the comparator resets the D type flip-flop, which terminates the V pulse. Cg now 
discharges to Vcs via switch S1 and constant current source | and the circuit returns to the start 
position, Because the trailing edge of the V’ pulse is the active edge for the phase comparators, a linear 
phase modulation is achieved. The associated waveforms are shown in Fig. 11. The phase modulator 
can be switched OFF, via the programming logic, to avoid superfluous dissipation. To achieve, this the 
M signal must be programmed to logic 0. The V pulse will then be connected via switch S2 to Viux. 





ns/volt of input applied to pin 24 (MOD) 


* This means apply two successive active Vyquyx edges followed by one active R edge. 
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FUNCTIONAL DESCRIPTION (continued) 


M (from program control) 
| 


VMUX 


comparator 


7281443 





BRC MOD BRB 


Me 





V' = Vaux | | | | 


R = reset | | | | 


7281444 


Fig. 11 Phase modulator waveforms; M = 1. 
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Program control 


A multiplexed or bus structured sequence allows the TDD1742T to be interfaced to a microcontroller 
oraPROM. 
The device is fully programmable in terms of: 


®@ 6 bits to define the reference divider ratio 
@ 21 bits to define the main divider ratio 

® 1 bit to switch the modulator ~ 

@ 4 bits to determine the test status 


Thus the TDD1742T is programmed with a total of 32 bits which are organized as eight 4-bit words. 


The address bus is 3 bits wide and the data bus is 4 bits wide. Both buses are TTL compatible. 
The data words are described in detail in Tables 3 to 7. 


Microcontroller mode 

If pin 25 (MEMEN) is LOW at general reset, the device is set to the micro-controtler mode. In this mode 
a 7-bit word, comprised of 3 address bits {ABO to AB2) and 4 data bits (DBO to DB3), may be strobed 
into the TDD1742T when the program enable pins PE1 and PE2 are set to opposite state (EXCLUSIVE 
-OR condition; see Fig. 12 and Table 2). One frame of 8 words is necessary to completely program the 
TDD1742T. Incoming data is not clocked into the internal counter latches until after the receipt of data 
corresponding to address 111. Upon subsequent reprogramming it is not necessary to change all eight 
words but a reprogramming sequence must always finish with the data corresponding to address 111. 


ABO-AB3 
DBO-DB3 


PE1, PE2 
(EXCLUSIVE -OR) 





7281445 


(1) Address and data valid, 
(2) Address and data not valid. 


Fig. 12 Waveforms for program enable function; microcontroller mode. 


Table 2 Truth table for program enable function; microcontroller mode 
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Program control (continued) 
Memory mode (PROM) 


[f pin 25 (MEMEN) is HIGH at general reset, TDD1742T is set to the memory mode and a programming 
cycle is initiated. Subsequent reprogramming is performed by applying a pulse to program enable PE1 
(pin 23) or PE2 (pin 22). If PE1 is LOW, programming will occur on the LOW-to-HIGH transition of 
PE2. If PE1 is HIGH, programming will occur on the HIGH-to-LOW transition of PE2. PE1 and PE2 

are interchangeable. Reprogramming will also occur by applying a pulse to RESET (pin 11). 


At the start of a programming sequence pin 25 goes LOW and may be used to apply power to the 
memory via an external driver. After a settling time the address bus outputs 000 followed by the re- 
maining seven addresses. During the second half of each address period data, from the memory is 
latched into the TDD1742T so that the access time of the PROM is not critical. 


Note 
The program clock is derived from the reference divider chain and its frequency equals fosc/4Ro. 


After the full 32 bits have been read the address returns to address 000 before going 3-state. This step 
transfers data from the internal data latches to the appropriate divider latches. Pin 25 now returns to 
a high impedance state and power is removed from the memory. Fig. 13 shows the timing for a reset 
initiated programming sequence; the timing is similar for program enable initiated sequence. 


Pa 
PROGRAM CLOCK ) 
(2) 


RESET | | 


address bus 
outputs BES reo eee | | | | | fae 


= NSSSSNSUS 


(1) Delay time for PROM settling. 
(2) The program clock is derived from the reference divider chain. 
(3) Data is valid during the shaded period. 


Fig. 13 Timing diagram for TDD1742T PROM control. 
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Data memory maps 
Table 3 Bit programming of the eight 4-bit words 


| ap2 | asi ABO | 083 | DB2 | DBI DBO 





















0 0 0 see Table 4 
0 0 1 ng2 —ngl 
0 ~ 1 0 ng6 nod 
0 1 1 n42 n4q1 
1 0 0 n46 n45 
1 0 1 ng2 

1 1 0 

1 1 1 R50 R41 








In Table 3 

Ng, ny and no comprises the main programmable divider. 
ngQ is the LSB of ng, ng6 the MSB and so forth. 

If M is 1 the modular is ON, 


Table 4 Memory map for address 000 


idle 
no idle 





all other combinations not defined not defined 


Where 


X = don't care. 


Preliminary specification 


TDD1742T 


For optimum performance (minimum crosstalk) 0100 should be programmed into address 000. 
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Memory maps (continued) 


Table 5 Reference divider control; part 1 


ot [Rod | aivson aio 
12 


13. 
14 
15 





In Table 5: 
Ro0 and Rol control the = 12/13/14/15 portion of the reference divider. 


Table 6 Reference divider control; part 2 


division ratio 








In Table 6: 
R10 and R11 control the + 5/6/7/9 portion of the reference divider. 


Table 7 Reference divider control: part 3 


division ratio 











In Table 7: 
R90 and R41 control the = 1/2/4/8 portion of the reference divider. 


Current biassing 
Current biassing is provided by 3 external bias resistors A, B and C. 


Bias Resistor A: is connected between pin 28 (BRA) and ground. The value of the resistor must be such 
that [RRA = 20 BA, which acts as gain control for analogue phase comparator 1. 

Bias Resistor B: is connected between pin 26 (BRB) and ground. The value of the resistor must be such 
that IpRR = 3 to 25 vA, which acts as gain control for the phase modulator. 

Bias Resistor C: is connected between pin 27 (BRC) and ground. The value of the resistor must be such 
that IRR = 5 to 30 WA, which provides biassing for the remainder of the analogue circuitry. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134} 


Supply voltage ranges 
pin 14 
pin 8 
pin 1 
Voltage on any input 
Relative supply voltage 
Relative supply voltage 
D.C. current into any input or output 


Power dissipation per package 
for Tamb = 0 to + 85 OC 


Power dissipation per output 
for Tamb = 0 to + 85 PC 


Storage temperature range 


Operating ambient temperature range 


February 1987 
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VpD1 
Vpp2 
VDD3 
Vy 


Vpp2-Vpp1 


Vpp3-VDD1 


+ | 


Prot 


Po 
T stg 
Tamb 


Preliminary specification 


TDD1742T 
—0,5to+15 V 
—05to+15 V 
—0,5to+15 V 

—0,5 to Vpp 1+ 0,5 V 
max. 0,5 V 
max. 05 V 
max. 10 mA 
max. 400 mW 
max. 100 mW 
—65 to 150 °C 
—40 to 85 °C 


Philips Semiconductors RF Communications Products Preliminary specification 


CMOS frequency synthesizer TDD1742T 


D.C. CHARACTERISTICS 


Vpp1 = Vpp3 = 7.4 V; Vpp2 = 5 V: Vss = 0 V; Tamb = 25 OC unless otherwise specified; for 
definitions see note 1. 





Supply 
Supply voltage 

pin 14 VDD1 

pin8 -*_.| VDD? 

pin 1 VDD3 
Supply current | 

pin 14 (phase modulator OFF) Ipp1 

pin 8 IDD2 

pin 1 (phase modulator OFF) Ipp3 
Input leakage current (notes 2 and 3} 

logic inputs, MOD +I 
Output leakage current (notes 2 and 3) 

ath Vpop 

PC2 high impedance OFF state tlo 

MEMEN high impedance state +ILo 
1/O current 

ABO to AB2 high impedance state W/O 
Logic input voltage LOW 

CMOS inputs; CMOS I/Os VIL 

TTL inputs; TTL I/Os | Vin 
Logic input voltage HIGH 

CMOS inputs; CMOS I/Os Vin 

TTL inputs; TTL I/Os ViH 
Logic output voltage LOW (note 2) 

at |lol<1uA VOL 


Logic output voltage HIGH (note 2) 
at llol< 1 yA VOH 
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Logic output voltage LOW (note 2) 
MEMEN at lol =4mA 
PC2 atlo, = 1,5mA 
CLK; OL at Io, = 1MA 
XTAL at lo, =3mA 
FB atlop = 1mA 
ABO; AB1; AB2 at ip, = 0,2 mA 


<<<<<c< 


Logic output voltage HIGH (notes 2 and 3) 
PC2 at —loy = 1,5 mA 
CLK; OL at —Ioy =1mMA 


XTAL at —IoH =3mMA 

FB at —loy = 1mMA 

ABO; AB1 at IOp = 0,2 mA 
AB2 at Igy = 0,8 mA 


| 
Output PC1 
sink current (notes 2, 3 and Fig. 15) 
source current (notes 2, 3 and Fig. 16) 

| 


Internal resistance of 
phase comparator 1 (notes 2 and 3) 
locked state joutput swing] < 200 mV 
specified output range: 
0,5 Vpp —0,5 V to 0,5 Vpp + 0,5 V 
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A.C. CHARACTERISTICS 


A dynamic specification is given for the circuit, built-up with external components as shown in Fig. 14, 
under the following conditions; for definitions see note 1; Vpp = 7,4 + 0,4 V; Tamb = 25 °C; input 
transition times < 40 ns; Ca = Cg = Cc = 10 nF; Ra chosen so that Ip~ = 20 KA t 1 BA; Rp chosen 
so that Ipp = 3 to 25 nA; Rc chosen so that IR¢ = 5 to 30 zA; unless otherwise specified. 


rrr eee Ce 


Main programmable divider (DIV(M); pin 7) 7 
input frequency all divider ratios 
(square wave input) foiv(M) 
Reference divider 
input frequency all divider ratios 





(square wave input) foiv(R) 
| 
Oscillator frequency (OSC; pin 13) fosc 
Input capacitance 
DIV(M); OSC C| 
DBO to DB3; PE1; PE2; ABO to AB2 C\ 


Propagation delay (see Fig. 17) 


Feedback output to external prescaler 
DIV(M) > FB at C; = 10 pF 


HIGH to LOW* tPHL 

LOW to HIGH* | tPLH 
Average power supply current (notes 3 and 4) 

in-lock state IDD1 

IDD2 

IDD3 
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Vss 


Vop 


7L81447 


- Fig. 14 Test circuit for measuring a.c. characteristics. 


Notes to the characteristics 


1. Definitions: 


Ra = external biassing resistor between pins BRA and Vss- 
Rg = external biassing resistor between pins BRB and Vcc. 
Re = external biassing resistor between pins BRC and Vcc. 


Ca = decoupling capacitor between pins BRA and Vpp. 
Cp = decoupling capacitor between pins BRB and Vpp. 
Cc = decoupling capacitor between pins BRC and Vpp. 
CMOS logic inputs: RESET, OSC. 

CMOS logic outputs: PC2, CLK, OL, XTAL. 

CMOS logic 1/0: MEMEN. 

TTL logic inputs: DBO to DB3, PE2, PE1. 

TTL logic output: FB. 

TTL logic 1/0: ABO to AB2. 

Analogue inputs: DIV(M), MOD. 

Analogue output: PC1. 

Analogue biassing pins: BRA, BRB, BRC. 


2. All logic inputs at Vss or Vpp. 


3. Ra connected; its value chosen such that IpRa = 20 HA. 
Rp connected; its value chosen such that igpp = 20 uA. 
Re connected; its value chosen such that Ippc = 20 uA. 


4. Average power supply current measured at: 
fosc = 5 MHz, external clock, divider ratio 420; 
fpiV(M) = 2 MHz, divider ratio 168. 
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VoD 
i t f ad LOW | 
By Sreceding R-pulses <2 PCI 
BRC internal voltage follower 
(VF2; see also Fig. 3) 
Vgs 7Z81448 


Fig. 15 Equivalent circuit for output PC1 sink current. 


input forced HIGH 7, 
by 2 preceding Vagi jy ~ Pulses DD 


BRC 





internal voltage follower 


(VF2; see also Fig. 3) 


7Z81449 Vss 


~t 


Fig. 16 Equivalent circuit for output PC1 source current. 


DIV(M) input 


FB output 


| 
tPLH }+— 


7281450 


Fig. 17 Waveforms showing propagation delay; DIV (M) > FB. 
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APPLICATION INFORMATION 


Fig. 18 shows a typical application circuit using the TDD1742T in the memory mode with the 
following design parameters: 


Frequency range 150 to 155 MHz 
VCO sensitivity 1 MH2/V 
Reference frequency ; 12,5 kHz 
Prescaler 7 + 80/81 
Reference crystal frequency | | 5,25 MHz 
Reference divider chain 7 (Oe foe I 
Total division ratio | | 12000 to 12400 
Loop bandwidth 300 Hz 
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Radio tuning PLL frequency synthesizer TSA6057/T 


GENERAL DESCRIPTION 


The TSA6057/6057T is a bipolar single chip frequency synthesizer manufactured in SUBILO-N 
technology (components laterally separated by oxide). !t performs all the tuning functions of a PLL 
radio tuning system. The !C is designed for application in all types of radio receivers. 


Features 


@ On-chip AM and FM prescalers with high input sensitivity 

@ On-chip high performance one input (two output) tuning voltage amplifier for the AM and 
FM loop filters 

On-chip 2-level current amplifier (charge pump) to adjust the loop gain 

Only one reference oscillator (4 MHz) for both AM and FM 

High speed tuning due to a powerful digital memory phase detector 

40 kHz output reference frequency for co-operation with the FM/IF system and microcomputer- 
based tuning interface IC (TEA6100) 

Oscillator frequency ranges of: 512 kHz to 30 MHz and 30 MHz to 150 MHz 

@ Three selectable reference frequencies of 1 kHz, 10 kHz or 25 kHz for both tuning ranges 
@ Seria! 2-wire |?C-bus interface to a microcomputer and one programmable address input 

@ Software controlled bandswitch output 


QUICK REFERENCE DATA 
parameter 


Supply voltage , 
pin 3 Vec1 = V34 
pin 16 Vcec2 ™ V16-4 
Supply current no outputs loaded f 
pin 3 13 
pin 16 | li6 
Max. input frequency on AM, fiaM 
Min. input frequency on AM, fiAM 
Max. input frequency on F Mi fien 
Min. input frequency on FM, tigny 
Input voitage on AM, 
(RMS value) ViAM(rms) 


Input voltage on FM, 
(RMS value) ViFM(rms) 


Tota! power dissipation | Prot 


Operating ambient 
temperature range Tamb 





PACKAGE OUTLINES 


TSA6057: 16-lead DIL; plastic (SOT38). 
TSA6057T: 16-lead minipack; plastic (SO16L; SOT 162A). 
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7£07827.2 





TSAG0S7 
TSAGOS7T 


Fig.1 Block diagram. 
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Radio tuning PLL frequency synthesizer TSA6057/T 
PINNING 
1 XTAL1 reference oscillator output 
ee 2 XTAL2 reference oscillator input 
3 Veci positive supply voltage 
“™o 4 Vege ground 
peer = 5 FM, FM VCO input 
wench? FMo 6 DEC prescaier decoupling 
TSA6057T as 7 AM, AM VCO input 
= ee 8 BS ~ bandswitch output 
9 fref 40 kHz reference output 
yee 10 SDA serial data input 
‘ret 11 SCL serial clock input | 1?C-bus 
1297028:2 12 AS address select input | 
13 FMo FM output for externa! loop filter 
Fig.2 Pinning diagram. 14 LOOP, tuning voltage amplifier input 
15  AMo AM output for external loop filter 
16 Vcc2 positive supply voltage 


FUNCTIONAL DESCRIPTION 
The TSA6057/6057T contains the following parts and facilities: 


@ Separate input amplifiers for the AM and FM VCO-signals. 

e@ A prescaler with the divisors 3:4 on AM and 15:16 on FM, a multiplexer to select AM or FM and 
a 4-bit programmable swallow counter. | | 

@ A1i3-bit programmable counter. 

A digital memory phase detector. 

e@ Areference frequency channel comprised of a 4 MHz crystal oscillator followed by a reference 
counter. The reference frequency can be 1 kHz, 10 kHz or 25 kHz and is applied to the digital 
memory phase detector. The reference counter also outputs a 40 kHz reference frequency to pin 9 
for co-operation with the FM/IF system and microcomputer-based tuning interface IC (TEA6100). 

@ A programmable current amplifier (charge pump) which consists of a 5 wA and a 450 pA current 
source. This allows adjustment of loop gain, thus providing high current-high speed tuning and low 
current-stable tuning. 

@ Aone input — two output tuning voltage amplifier. One output is connected to the external AM loop 
filter and the other output to the externa! FM loop filter. Under software control, the AM output is 
switched to a high impedance state by the FM/AM switch in the FM position and the FM output is 
switched to a high impedance state by the AM/FM switch in the AM position. The outputs can 
deliver a tuning voltage of up to 10.5 V. 

@ An !|*C-bus interface with data latches and control logic. The !2C-bus is intended for communication 
between microcontrollers and different !Cs or modules. Detailed information on the !7C-bus 
specification is available on request. 

@ A software-controlled bandswitch output. 
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FUNCTIONAL DESCRIPTION (continued) 


Controls 


The TSA6057/6057T is controlled via the 2-wire |?C-bus. For programming there is one module 

address, a logic 0 R/W bit, a subaddress byte and four data bytes. The subaddress determines which 

one of the four data bytes is transmitted first. The module address contains a programmable address 

bit (D1) which with address select input AS (pin 12) makes it possible to operate two TSA6057s in 

one system. = 

The auto increment facility of the !*C-bus allows programming of the TSA6057/6057T within one 

transmission (address + subaddress + 4 data bytes). 

® The TSA6057/6057T can also be partially programmed. Transmission must then be ended by a 
stop condition. 


The bit organization of the 4 data bytes is shown in Fig.3 and are described in sections (a) to (f). 


(a) The bits SO to $16 (OBO: 07-D1; DB1: D7-D0; DB2: D1-D0) together with bit FM/AM (DB2: D5) | 
are used to set the divisor of the input frequency at inputs AM, (pin 7) or FM, (pin 5). If the | 
system is in lock the following is valid: 


FM/AM input frequency (fj) | input 


(SO x 2°+S1 x 2! +S13 x 2" +S14x 2'*) x frog 






(SO x 2°+S1x 2! +$15x2'* +S16 x 2'") x frog 


Where oie fais ‘ 
The minimum dividing ratio for AM mode is 2°= 64 


The minimum dividing ratio for FM mode is 2° = 256 
(b) The bit CP is used to control the charge pump current (DBO: DO). 


(c) The bits REF 1 and REF2 are used to set the reference frequency applied to the phase detector 
(DB2: D7-D6). 








(d) The bit FM/AM OPAMP controls the switch AM/FM; FM/AM in the tuning voltage amplifier 
output circuitry (DB2: D4). 
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(e) The bit BS controls the open collector bandswitch output (DB2: D2). 


as bandswitch output 
sink current 
floating 


(f} The data byte DB3 must bé set toO......0. It is also used for test purposes. 









Sart 


programmable eddress bit (D1) Mop condition 




























re eck now ledge 
AIw MSB se | mse ise | se Lse | mse LSB 
MODULE . 
ADDRESS o|a| SUBAODRESS |! oara syte oo [al DATA BYTE 1 
sped BYTE 


A? AO 07 00 D7 DO D7 00 07 DO 


= 
7 
o 
[ ond 
& 


MODULE ADDRESS 1 1 0 0 0 1 O/t r) 
A? AO 
SUBADDRESS re) 0 rs) 0 ) 0 o/1 o/1 
DATA BYTE 0(D80) S6 $5 $4 $3 $2 $1 so CP 
07 D0 
DATA BYTE 1(DB1) $14 $13 $12 S11 $30 $9 $8 $7 
D7 bo 
—' FM/AM! NOT 

DATA BYTE 2 (DB2) REF = =REF2 FM/AM Opamp Usep 8s $16 S15 
D7 DO 

NOT NOT NOT NOT NOT 

DATA BYTE 3(0B3) T! T2 T3 USED USED USED USED. USED 
07 00 


Examples using suto-increment facility 


| ABBRESS: = [S| SURADOHESS Oa A). ONS. IA), 2088 
| Appress |A/susanpnessoo|a] pro albert ale 
fsaponess’ -[ A) sueamonces 0) ait tea A) Geo = A= oat a) eee A 


7297826.2 





Fig.3 Bit organization. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


penne wrt [me [a 























Supply voitage (pin 3) Vcec1 * V3-4 
Supply voltage (pin 16) Vcc2* V16-4 
Total power dissipation Prot 

Operating ambient temperature Tamb 

Storage temperature range T stg 





CHARACTERISTICS 
Vec1 = 5 V: Vec2 = 8.5 V; Tamb = 25 OC; unless otherwise specified 


[ewsomr =i entre (emt [min [wm [max | un 


Supply voltage (pin 3) Vv 
Supply voltage (pin 16) V 
Supply current no outputs loaded 
pin 3 mA 
pin 16 mA 
1?7C-bus inputs 
(SDA; SCL) 
Input voltage HIGH V 
Input voltage LOW V 
Input current HIGH pA 
Input current LOW pA 
SDA output open collector 
Output voltage LOW lor = 3.0mA i V 
AS input 
Input voltage HIGH V 
Input voltage LOW V 
input current HIGH pA 
Input current LOW pA 
RF input (AM; FM) 
Max. input frequency on AM; fiAM MHz 
Min. input frequency on AM, | fiAM : MHz 
Max. input frequency on FM, fien MHz 
Min. input frequency on FM, | fi-M MHz 
Input voltage on AM, View =OV | | 
(RMS value) measured in Fig.4 | ViAM (rms) mV 
Input impedance AM, | | | | 
resistance RAM : kQ 
capacitance CaM pF 
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Cpeamner = ene Yavin [men [om [mee [a 


RF input (continued) 





Input voltage on FM, ViAM OV | 
(RMS value) measured in Fig.4 | VieM(rms) 300 imV 
Input impedance FM, 
resistance " Rey ~ kQ 
capacitance Cry _ pF 
Oscillator (XTAL1; XTAL2) 
Crystal résonance 
resistance (4 MHz) see Fig.5 RXTAL 160 {| Q 
Programmable charge pump 
Output current to loop filter 
bit CP = logic 1 lehp 600 | pA 
Ripple rejection fripple = 100 Hz 
20 log AVoc7/AVo RR ~~ dB 
20 log AVec2/A4VoO RR ~ dB 
Bandswitch output (pin 8) 
Output voltage HIGH VOH 12 V 
Output voltage LOW lol =3mA VOL 08 iV 
Output leakage current VOH * 12 V ILO 10 HA 
Reference frequency output 
(pin 9) | 
Output frequency 4 MHz crystal fret = kHz 
Output voltage LOW : VOL 02 |V 
Tuning voltage amplifier outputs 
AM output (pin 15) 
max. Output voltage lsource =90-5MA =| VO(max) ~~ V 
min. output voltage lsink = TMA Vo(min) 08 /§V. 
max. Output source current | source = mA 
max. output sink current lsink - mA 
FM output (pin 13) 
max. Output voltage leource ™ 0.5 mA Vo(max) _ V 
min. output voltage Isink = TMA Vo(min) 08 |V 
max. output source current lsource - mA 
max. Output sink current link _ mA 
Impedance of switched off 
output ZO(off) = M22 
Input bias current | | 
(absolute value) Ibias 5 nA 
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SENSITIVITY MEASUREMENT 






HYBRIO JUNCTION 





TSA6057 
TSA60S7T 


7297826.1 


= # 502 cosxial 


Fig.4 Prescaler input sensitivity. 


APPLICATION INFORMATION 


TSA6057 


4 MHz TSA6057T 


"Ty 


Fig.5 Crystal connection (4 MHz). 





72878623.1 
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Cy 4MHz 








: 1 Voce 
4 if 412V 
27 oF es 
C2 = 47 uF 
Ha 
| AMo 
Ri 
; 
2.7 kX 
7 C3 Cs AM tuning 
e Loop, | 220nF  38nF yermee oulee 
+5V : 
4a 
1 4 FM tuning 
| 220nF | 3.9nF veneer ey 
47 F R2 
eae 
FMo Ok? 
+6V 
TSA6057 Y 
TSA6057T J? 
Cc > 
FM VCO FM 5M ; AS programmable eddress 
ach ST: AT=4 
InF J2:At20 
J2 
1602 | [Rey i 
oe 
C r. 
ri DEC SCL 
10 nF 
12C—bus 
Cam 
AM SDA 
AM VCO __y { 
input 
22nF 
bandswitch 220 BS | fret 40kHz reference 
output ; output 
fy 
10k} {Res 
ei 7205911.2 
4 
f 
+5V 


Fig.6 Application diagram 
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1.3GHz bi-directional I2C bus controlled synthesizer | 


TSA5511 





FEATURES 


e Complete 1.3 GHz single chip 
system 


e Low power 5 V, 35 mA 
e |?C-bus programming 
e In-lock flag 

e Varicap drive disable 

e Low radiation 


e Address selection for 
Picture-In-Picture (PIP), DBS 
tuner 

e Analog-to-digital converter 


e 8 bus controlled ports (5 for 
TSA5511T), 4 open collector 
outputs (bi-directional) 


e Power-down flag 


_ APPLICATIONS 


e TV tuners 
e VCR Tuners 


DESCRIPTION | 


The TSA5511 is a single chip PLL 
frequency synthesizer designed for 
TV tuning systems. Control data is 
entered via the |?C-bus; five serial 
bytes are required to address the 
device, select the oscillator 
frequency, programme the eight 
output ports and set the 
charge-pump current. Four of these 
ports can also be used as input 
ports (three general purpose I/O 
ports, one ADC). Digital information 
concerning those ports can be read 
out of the TSA5511 on the SDA line 
(one status byte) during a READ 
operation. A flag is set when the 
loop is “in-lock" and is read during a 
READ operation. The device has 
one fixed I?C-bus address and 3 
programmable addresses, 
programmed by applying a specific 
voltage on Port 3. The phase 
comparator operates at 7.8125 kHz 
when a 4 MHz crystal is used. 
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~ QUICK REFERENCE DATA 


SYMBOL 
a 
V; input voltage level 

80 MHz to 150 MHz 
150 MHz to 1 GHz 
1 GHz to 1.3 GHz 

Ler 

Tig 


EXTENDED 
TYPE 
NUMBER 


TSA55 11 
TSA5511T 


MATERIAL 
plastic 
plastic 
plastic 








| TyP_| MAX. 


MAX.. 
cae 
[mA 


CODE 


SOT 102 
SOT 109 
SOT 163 
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Py UD 
Qt VEE 
Q2 RF ino 
SDA RF yy 
TSA5511T 
TSA5511 SCL Veco 








MCO0236 


MCD235 





MCD237 


Fig.2 Pin configuration Fig.3 Pin configuration Fig.4 Pin configuration 
(SOT 102). (SOT109). (SOT 163). 


























PINNING 


PIN © 
$016 


PIN 


DIL 18 DESCRIPTION 


SYMBOL 


charge-pump output 


O 
nm 
| 


crystal oscillator input 1 


O 
nS 
ov) 
a 


crystal oscillator input 2 





not connected 


O 
> 


< = = M|N)| > 
| o 9 = 


serial data input/output 








CL serial clock input 

port output/input (general purpose) 

not connected 

port output/input for general purpose ADC 
port output/input (general purpose) 

port output/input (general purpose) 

port output/input for address selection 


port output 


me) 
~J 


10 
11 
12 
13 


U;0 
Go| > 


10 


me) 
NO 


not connected 


a) 
N 


14 port output 

15 port output 

12 16 voltage supply 

17 UHF/VHF signal input 4 

18 UHF/VHF signal input 2 (decoupled) 
19 GND 

20 drive output 








14 
5 
16 
17 


o 
oO 


RFins 


: | 
oO 


14 
15 


IN2 


Cc 
O 


e <|x 
Q m 

© 

rd 


co 
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FUNCTIONAL DESCRIPTION 


The TSA5511 is controlled via the 
two-wire |?C-bus. For programming, 


there is one module address (7 bits) 


and the R/W bit for selecting READ 
or WRITE mode. 


WRITE mode : R/W = 0 (see Table 
1) i 
After the address transmission (first 
byte), data byt@s can be sent to the 
device. Four data bytes are needed 
to fully program the TSA5511. The 
bus transceiver has an 


Table 1 Write data format 


Programmable 


divider 


Output ports 
control bits 


note 
* not valid for TSA5511T. 


MA1, MAO 
A acknowledge bit 


auto-increment facility which permits 
the programming of the TSA5511 
within one single transmission 
(address + 4 data bytes). 


The TSA5511 can also be partially 
programmed on the condition that 


_ the first data byte following the 


address is byte 2 or byte 4. The 
meaning of the bits in the data bytes 
is given in Table 1. The first bit of the 
first data byte transmitted indicates 
whether frequency data (first bit = 0) 
or charge pump and port information 
(first bit = 1) will follow. Until an 
?C-bus STOP condition is sent by 


programmable address bits (see Table 4) 


N=N14x2%4+N13x 2!3 +... +N1 x 2! + NO 


CP charge-pump current 

~CP=0 50 pA 
CP=1 220 pA 
P3toPO=1 _ limited-current output is active 
P7toP4=1  open-coltector output is active 
P7toPQ=0 output are in high impedance state 
T= 1 Pee to P77 Stay 
TO= 1 3-state charge-pump 
OS =4 
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operational amplifier output is switched off (varicap drive disable) 
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the controller, additional data bytes 
can be entered without the need to 
re-address the device. This allows a 
smooth frequency sweep for fine 
tuning or AFC purpose. At power-on 
the ports are set to the high 
impedance state. 


The 7.8125 kHz reference frequency 
is obtained by dividing the output of 
the 4 MHz crystal oscillator by 512. 
Because the input of UHF/VHF 
signal is first divided by 8 the step 
size is 62.5 kHz. A3.2 MHz crystal 
can offer step sizes of 50 kHz. 
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FUNCTIONAL DESCRIPTION 
(continued) 


READ mode : R/W = 1 (see Table 
2) 


Data can be read out of the 


TSA5511 by setting the R/W bit to 1. 


After the slave address has been 
recognized, the TSA5511 generates 
an acknowledge pulse and the first 
data byte (status word) is 
transferred on the SDA line (MSB 
first). Data is valid on the SDA line 
during a high position of the SCL 
clock signal. 

A second data byte can be read out 
of the TSA5511 if the processor 
generates an acknowledge on the 


Table 2 Read data format 


Status byte 






| POR 





POR power-on-reset 
flag. (POR = 1 0n 
power-on) 

FL in-lock flag (FL = 


1 when the loop is 
phase-locked) 


digital information 
for I/O ports P7, 
P5 and P4 
respectively 
digital outputs of 
the 5-level ADC. 
Accuracy is 1/2 
LSB (see Table 3) 


l2, 11, 10 


A2,A1, AO 


ransmi first. 
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F 


SDA line. End of transmission will 
occur if no acknowledge from the 
processor occurs. 

The TSA5511 will then release the 
data line to allow the processor to 
generate a STOP condition. 

When ports P3 to P7 are used as 


» jnputs, they must be programmed in 


their high-impedance state. 

The POR flag (power-on-reset) is 
set to 1 when V.,. goes below 3 V 
and at power-on. It is reset when an 
end of data is detected by the 
TSA5511 (end of a READ 
sequence). 

Control of the loop is made possible 
with the in-lock flag FL which 
indicates (FL = 1) when the loop is 


MSBSOS™~—SSCSCSCSCSCSdSB 
Te [0 | 0 | Mat | MAO 
Pepa fo fala 





Address selection 


The module address contains 
programmable address bits (MA1 
and MAO) which together with the 
VO port P3 offers the possibility of 
having several synthesizers (up to 
3) in one system. 

The relationship between MA1 and 
MAO and the input voitage |/O port 
P3 is given in Table 4. 
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phase-locked. The bits [2, 1 and IO 
represent the status of the I/O ports 
P7, P5 and P4 respectively. A logic 0 
indicates a LOW level and a logic 1 
a HIGH level (TTL levels). 

A built-in 5-level ADC is available on 
I/O port P6. This converter can be 
used to feed AFC information to the 
controller from the IF section of the 
television as illustrated in the typical 
application circuit in Fig. 5. The 
relationship between bits A2, A1 and 
AO and the input voltage on port P6 
is given in Table 3. 











Pao | [ove2 
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Table 3 A/D converter levels 


0.3 3 Ves to 0.45 5 Vee 
0.15 Vee to 0.3 Vee . 
0to0.15V 





Table 4 Address selection 







ee Voltage applied on port P3 
P| 0100.1 Vo ; 
(i always valid 









0.4 to 0.6 Vg 
0.9 Veg to 13.5 V 






LIMITING VALUES 
In accordance with Absolute Maximum System (IEC 134) 
SYMBOL PARAMETER 
supply voltage 
charge- pump output voltage 


serial data input/output 
serial clock input 


P7 10 PI 10 votags a8 [se 
Vs | resealeinput a 
|, SDA output eurent (open cotlector  _.— 

: storage temperature range (() 


THERMAL RESISTANCE 


Rin ia from junction to ambientinfree air (DIL18) |-  |80  |KW | 





from junction to ambient in free air (SO16) KI 
from junction to ambient in free air(S020)|-~—«(80.~S«(KWSCSC*” 
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CHARACTERISTICS | 
Voc = 5 Vi Tan = 25 °C; unless otherwise specified | 
All pin numbers refer to DIL 18 version 


[srweo.| PARAMETER | CONDITIONS | WN | TVR | WAX | _UNT 


Functional range 
V 



















supply voltage range ~ 


operating ambient temperature range 
CLK clock input frequency 


aude SOSSSCSCSCSC~CS~S 


i 


i 













supply current 
crystal oscillator 
input impedance (pin 2) 


input level 


oe 
x 
ry 


cc 
amb 

loc 
| 


Z 


jet) 
oO 


il 
; 
> 






Voc = 4.5 V to 5.5 V; 
| Tamb = ~10 to 80 °C; 
see typical sensitivity 
curve in Fig. 6 










f = 80 to 150 MHz | 
f= 150 to 1000 MHz 
f = 1000 to 1300 MHz 


prescaler input resistance aa 
see SMITH chart in Fig. 7 

Cj [inputcapacitance | 
Output ports (current-limited} PO-P3 

07 
Output ports (open collector) P4-P7 (see note 1) 


input current HIGH Von = 13.5 V 
input current LOW Vor =O0V 


input ports P4-5, P7 


300/2.6 
300/2.6 
300/2.6 


mV/dBm 
mV/dBm 







5 








0 
1.0 









© 
N 
j 


V 


ifs ot 
oO ™“N Oo 





lLo 
OL 

OH 

lot 


input voltage LOW 


input voltage HIGH 
input current HIGH Ve= 13.5 V 
input current LOW Ve=OV 


Input port P6 


by input current HIGH V7=13.5V 
lie input current LOW —10 


tL 


F 


V 
| 


IH 
IH 
Ine 


= 


= 
; 
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rsvweo]PaRAWETER | _cOwomions | wn | Te | wax] un 


SCL and SDA inputs 
v = [ss lv 
V ae ee 


IH 
IL input voltage LOW 
10 | HA 
10 yA 
rn 







input current HIGH Ve=5V, Voc =O0V; 
- Ve=5V, Vece=5V 


V,=OV,V.c=5V 
Output SDA (open collector) 
Vs 


Charge-pump output PD 


input current HIGH (absolute value) 
input current LOW (absolute value) 22 
TO = 1 





EE 
> > 


=) = 
; | ; 


= 
j 


H 


ait og iniooe 
IhLeak off-state leakage current TO=1 


Operational amplifier output UD (test mode : TO = 1) 


Vas output voltage when switched-off OS =1;V, =2V 


G operational amplifier current gain; OS =0°Vi-=2V: 2000 
Ne/(ly ~ I iteax) e= 10pHA 


Notes to the characteristics 


i 
© 
© 
: 
< 


1. When a port is active, the collector voltage must not exceed 6 V. 
2. Measured with a single open-collector port active. 
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Fig.7 Prescaler Smith chart of typical input impedance; V., = 5 V; reference value = 50 9. 








August 1991 846 


Philips Semiconductors RF Communications Products Preliminary specification 


1.3GHz bi-directional I@C bus controlled synthesizer TSA5511 


FLOCK FLAG DEFINITION (FL) 


When the FL flag is 1, the maximum 
frequency deviation (Af) from stable 
frequency can be expressed as 
follows: 


Af=+ (Kyco /Ko) X lop X (C1 + C2)/(C1 x C2) 


MGA932 





where: 

Koss = oscillator slope (Hz/V) 

lop = charge-pump current (A) 

Ko : sieouate Fig.8 Loop filter. 
Ci and C2 = loop filter capacitors 








FLOCK FLAG APPLICATION 
© Kyco = 16 MHz/V (UHF band) 


e C1=180nF 
e C2 =39 nF 


e Af=+ 27.5 kHz. 


Table 5 Flock flag settings 


Time span between actual phase lock and FL-flag setting 1024 1152 
Time span between the loop losing lock and FL-flagresetting |O = [128 [us | 














Purchase of Philips l@C components conveys a license under the Philips’ °C patent to use 
the components in the !2C system provided the system conforms to the I?C specification 
defined by Philips. This specification can be ordered using the code 9398 358 10011. 
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FEATURES 


Fast locking by ‘Fractional-N’ divider 


Auxiliary synthesizer 


Digital phase comparator with proportional and integral 
charge pump output 


High-speed serial input 


Sy 


Low-power consumption 
Programmable charge pump currents 


Supply voltage range 2.9 to 5.5 V. 


APPLICATIONS 


¢ Mobile telephony 
¢ Portable battery-powered radio equipment. 


ORDERING INFORMATION 


TYPE NUMBER 


GENERAL DESCRIPTION 


The UMA1005T is a low-power, high-performance dual 
frequency synthesizer fabricated in CMOS technology. 
Fractional-N division with selectable modulo 5 or 8 is 
implemented in the main synthesizer. 


The detectors and charge pumps are designated to 
achieve 10 to 5000 kHz channel spacing using 
fractional-N decreases the channel spacing by a factor 
5 or 8. Together with an external standard 2, 3 or 4 ratio 
prescaler the main synthesizer can operate in the GHz 
frequency range. 


Channel selection and programming is realized by a 
high-speed 3-wire serial interface. 


PAC KAGE 





UMA1005T 
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plastic shrink small outline package; 20 leads; body width 4.4 mm 
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BLOCK DIAGRAM 
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12 


REFERENCE DIVIDER 


Fig.1 Block diagram. 


NORMAL 
OUTPUT 


CHARGE 
PUMP 
SPEED-UP 
OUTPUT 
CHARGE 


INTEGRAL 
OUTPUT 
CHARGE 

PUMP 


AUXILIARY 
OUTPUT 
CHARGE 

PUMP 


Vgg_ = Vga 
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PINNING 


SYMBOL | PIN | DESCRIPTION 
digital supply voltage 
| main divider positive input; rising edge 
active 


main divider negative input; falling 


“6, 


Vss 
serial clock input line _— 
6 _| serial strobe input line 
- FB1 
7 | reference divider input line; rising edge | 
active | LOCK 
INA auxiliary divider input line; rising edge RF 
RN 
auxiliary Current setting; resistor to Vs5 
a VDDA 
PHA auxiliary phase detector output 
PHI 11 | integral phase detector output cae 
analog ground; internally connected to VssA 
Vss PHI 





MEA667 


RF | 16 | fractional compensation current setting 
| input; resistor to Vgg : 


LOCK lock detector output | 
FB1 18 | feedback output 1 for prescaler 
modulus control 


rB2 19 | feedback output 2 for prescaler 
modulus control 


. Fig.2 Pin configuration. 
Vss common ground connection g g 
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FUNCTIONAL DESCRIPTION 
Serial programming input 


The serial input is a 3-wire input (CLOCK, STROBE and 
DATA) to program all counter ratios, DACs, selection and 
enable bits. The programming data is structured into 

24 or 32-bit words. Each word includes 1 or 4 address 
bits. Figure 3 shows the timing diagram.of the serial input. 
When the STROBE = LOW, the clock driver is enabled 
and on the positive edges of the CLOCK the signal on the 
DATA input is clocked into a shift register. When the 
STROBE = HIGH, the clock is disabled and the data in the 
shift register remains stable. Depending on the 

1 or 4 address bits the data is latched into different 
working registers or temporary registers. In order to fully 
program the synthesizer, 4 words must be sent: 


1. D word. 


2. Cword. 
3. Bword. 
4. Aword. 


Figure 4 shows the format and the contents of each word. 
The E word is for testing purposes only. The E (test) word 


STROBE 


clock enabled 
shift in data 


Preliminary specification 
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is reset when programming the D word. The data for NM4, 
CN and PR is stored by the B word temporary registers. 
When the A word is loaded, the data of these temporary 
registers is loaded together with the A word into the work 
registers which avoids false temporary main divider input. 
CN is only loaded from the temporary registers when a 
short 24-bit AO word is used. CN will be directly loaded by 
programming a long 32-bit A1 word. The flag LONG in the 
D word determines whether AO (LONG = 0) or A1 

(LONG = 1) format is applicable. 


The A word contains new data for the main divider. The 
A word is loaded only when a main divider synchronization 
signal is also active, to avoid phase jumps when 
reprogramming the main divider. The synchronization 
signal is generated by the main divider. It disables the ~ 
loading of the A word each main divider cycle during 
maximum 300 main divider input cycles. To make sure 
that the A word will be correctly loaded the STROBE signal 
must be HIGH for at least 300 main divider input cycles. 
Programming the A word also means that the main charge 
pumps on outputs PHP and PHI are set into the speed-up 
mode as long as the STROBE remains HIGH. 


clock disabled 


store data MBE121 


Fig.3 Serial input timing sequence. 
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~<a— PR= ‘01’ 


~<— PR# ‘01’ 


FL 
D G 


TEST BITS 


a ress bits 


Fig.4 Serial input word format. 
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Table 1 Description of symbols used in Fig.4 


SYMBOL BITS” FUNCTION 
NM1 12 


a se number of main divider cycles when prescaler is programmezd in ratio 


Ri (FB1 = 1; FB2 = 0); note 2 
NM2 8 if PR = 01 


number of main divider cycles when prescaler is programmed in ratio 
4 if PR = 01 
































R2 (FB1 = 0; FB2 = 0); note 2 


NM3 number of main divider cycles when prescaler is programmed in ratio 
R3 (FB1 = 0; FB2 = 1); note 2 

number of main divider cycles when prescaler is programmed in ratio 

R4 (FB1 = 1; FB2 = 1); note 2 

prescaler type in use: 


PR = 01; modulus 2 prescaler 








PR = 10; modulus 3 prescaler 
PR = 11; modulus 4 prescaler 








PR = 00; modulus 4 prescaler (inhibit ratio 3) 


FMOD fraction-N modulus selection flag: 





1 = modulo 8 
0 = modulo 5 
A word format selection flag: 
0 = 24-bit AO format 
1 = 32-bit A1 format 


binary current setting factor for main charge pumps 
binary acceleration factor for proportional-charge pump current 
binary acceleration factor for integral charge pump current 










_ 
i Se 
a 












reference divider ratio 
auxiliary divider ratio 


auxiliary prescaler mode: 
PA = 0; divide-by-4 
PA = 1; divide-by-1 


Notes 
1. X=dont care. 
2. Not including reset cycles and fractional-N effects. 


Auxiliary variable divider in the input stage are switched off. A fixed divide by 4 is 
enabled if PA = 0. This divider has been optimized to 
accept a high-frequency (90 MHz at a supply voltage 
range of 4.75 to 5.5 V) input signal. If PA = 1 this divider is 
disabled and the input signal is fed directly to the second 


The input signal on INA is amplified to a logic level by a 
single ended input buffer, which accepts LOW level AC 
coupled input signals. This input stage is enabled if the 
serial control bit EA = 1. Disabling means that all currents 
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stage, which is a 9-bit programmable divider with standard 
input frequency (80 MHz). The division ratio can be 
expressed as: 


If PA = 1; N = NA; with NA = 4 to 511. 


Reference variable divider (Fig.5) 


The input signal on INR is amplified to a logic level by a 
single ended input buffer, which accepts LOW level AC 
coupled input signals. This input stage is enabled by the 
OR function of the serial input bits EA and EM. Disabling 
means that all currents in the input stage are switched off. 
The reference divider consists of a programmable divider 
by NR (NR = 4 to 511) followed by a 3-bit binary counter. 
The 2-bit SM determines which of the 4 output pulses is 
selected as main phase detector input. The 2-bit SA 
determines the selection of the auxiliary phase detector 
signal. To obtain the best time spacing for the main and 






reference 
input 





MBE723 
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auxiliary reference signals, the opposite output will be 
used for the auxiliary phase detector, reducing the 
possibility of unwanted interactions. For this reason the 
programmable divider produces a symmetric output pulse 
for even ratios and a 1 input cycle asymmetric pulse for 
odd ratios. | 


Main variable divider 


The input signals on INM1 and INM2 are amplified to a 
logic level by a balanced input comparator giving a 
common mode rejection. This input stage is enabled when 
serial control bit EM = 1. Disabling means that all currents 
in the comparator are switched off. The main divider is 
built-up by a 12-bit counter plus a sign bit. Depending on 
the serial input values of NM1, NM2, NM3, NM4 and the 
prescaler select PR, the counter will select a prescaler 
ratio during a number of input cycles in accordance with 
the information in Table 2. 


MAIN SELECT 
SM = ‘00’ 
SM = ‘01’ 
SM.= ‘10’ 
SM = ‘11’ 7 


main 
phase 
detector 





AUXILIARY SELECT 


SA = 11’ 
SA = ‘10’ 
SA = 01’ 
SA = ‘00’ 


auxiliary 
phase 
detector 


Fig.5 Reference variable divider. 
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Table 2 Selection of prescaler ratio 


STATUS 
: 


2. 








PRESCALER RATIOM) . 


4 (2) | 


R3; 







R22) 


if PR = 1X : 


R4: if PR = 11 or 00 


1 





Notes 
1. X= dont care. 
2. When the fractional accumulator overflows. 


The total division ratio from prescaler to the phase detector expressions are given in Table 3. 


Table 3 Total division from prescaler to phase detector expressions 


| EXPRESSION 
PR =01 N = (NM1 + 2) x R1 + NM2~x R2 

| N’ = (NM1 + 1) x R1 + (NM2 + 1) x R2; note 1 | 
PR = 10 N = (NM1 + 2) x R1 + NM2 x R2 + (NM3 + 1) x R3 

Pee" sears pens oa ry one ome yee RT 
PR = 11 N = (NM1 + 2) x R1 +NM2~x R2 + (NM3 + 1) x R3 + (NM4 + 1) x R4 

ia N’ = (NM1 + 1) x R1 + (NM2 + 1) x R2 + (NM3 + 1) x R3 + (NM4 + 1) x R4; note 1 

PR = 00 N = (NM1 + 2) x R1 + NM2~ R2 + (NM4 + 1) x R4 ; 

Pee 
Note 

1. When the fractional accumulator overflows. 







































When the prescaler ratio is R2 = R1 + 1 the total division ratio N’ = N + 1. 


Table 4 Modulus prescaler 
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The loading of the work registers NM1, NM2, NM3, NM4 
and PR is synchronized with the state of the main counter, 
to avoid extra phase disturbance when switching over to 
another main divider ratio as is explained in Section “Serial 
programming input’. 


At the completion of a main divider cycle, a main divider 
output pulse is generated which will drive the main phase 
comparator. Also the fractional accumulator is 
incremented with NF. The accumulator works modulo Q. 
Q is preset by the serial control bit FMOD to 8 when 
FMOD = 1. Each time the accumulator overflows, the 
feedback to the-prescaler will select one cycle using 
prescaler ratio R2 instead of R1. 


As shown above, this will increase the overall division ratio 
by 1 if R2 = R1 + 1. The mean division ratio over Q main 


NF 


divider cycles will then be: NQ = N+ O 


Programming a fraction means the prescaler with main 
divider will divide by N or N + 1. 


The output of the main divider will be modulated with a 
fractional phase ripple. This phase ripple is proportional to 
the contents of the fractional accumulator FRD, which is 
used for fractional current compensation. 


Phase detectors (Fig.6) 


The auxiliary and main phase detectors are a 2 D-type 
flip-flop phase and frequency detector. The flip-flops are 
set by the negative edges of output signals of the dividers. 
The reset inputs are activated when both flip-flops have 
been set and when the reset enable signal is active (LOW). 
Around zero phase error this has the effect of delaying the 
reset for 1 reference input cycle. This avoids non-linearity 
or dead band around zero phase error. The flip-flops drive 
on-chip charge pumps. A pull-up current from the charge 
pump indicates that the VCO frequency shall be increased 
while a pull-down pulse indicates that the VCO frequency 
shall be decreased. 


Current settings 


The UMA1005T has 3 current setting pins RA, RN and RF. 
The active charge pump currents and the fractional 
compensation currents are linearly dependent on the 
current in the current setting pins. This current Il, can be 
set by an external resistor to be connected between the 
current setting pin (pin 9) and Vgg. The typical value for R 
(current setting resistor) can be calculated with the 
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equation: 


(Vopa— 0-5) — 237, JI, 


A 
IR 


The current can be set to zero by connecting the 
corresponding pin to Vppa. 


Auxiliary output charge pumps 


The auxiliary charge pumps on pin PHA are driven by the 
auxiliary phase detector and the current value is 
determined by the external resistor (Rey) at pin RA. The 
active charge pump current is typically: |Ippya| = 8 x IRa. 


Main output charge pumps and fractional 
compensation currents 


The main charge pumps on pins PHP and PHI are driven 
by the main phase detector and the current value is 
determined by the current at pin RN and via a number of 
DACs which are driven by registers of the serial input. The 
fractional compensation current is determined by the 
current at pin RF, the contents of the fractional 
accumulator FRD and a number of DACs driven by 
registers from the serial input. The timing for the fractional 
compensation is derived from the reference divider. The 
current is on during 1 input reference cycle before and 

1 cycle after the output signal to the phase comparator. 
Figure 7 shows the waveforms for a typical case. 


When the serial input A word is loaded, the output circuits 
are in the ‘speed-up mode’ as long as the STROBE is 
HIGH, else the ‘normal mode’ is active. 


NORMAL MODE 


In the ‘normal mode’ the current output at PHP is: 
IPHP(N) = lpump10 a lcomp10- 


Where: 
CN x lon 
|! bum pol eT ae ; charge pump current. 
FRDx lp. 
Lsomp10 = = fractional compensation current. 


In ‘normal mode’ the current at output PHI is zero. 
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REFERENCE 
DIVIDER 


AUXILIARY 
AND MAIN 
DIVIDER 


Fig.6 Phase detector structure with timing. 


November 1994 


857 


charge pump 


charge pump 





Preliminary specification 


UMA1005T 


Philips Semiconductors Integrated Circuits Preliminary specification 


Dual low-power frequency synthesizer 7 UMA1005T 


SPEED-UP MODE 


In ‘speed-up mode’ the current in output PHP is: 
IPHP(sy = IPHP(N) + Ipump11 + lcomp11- 
Where: 

loump11 = lpump1o x 24+ 9; charge pump current. 


lcomp11 = lcomp1o x 2°C' * 1); fractional compensation 
current. 7 


In ‘speed-up mode’ the current in output PHI is: 
IpHi(s) = Ipump21 + lcomp2t- 
Where: 
lpump21 = lpumpi1 x CK; charge pump current. 
lcomp21 = lcomp11 x CK; fractional compensation current. 


Figure 7 shows that for a proper fractional compensation 
the area of the fractional compensation current pulse must 
be equal to the area of the charge pump ripple output. This 
means that the current setting on the inputs RN and RF 


| N 29x Qx fog 


. ‘ R 
must have following ratio: —— = 
g lar 64 x CN x f. 


i{max) 2 ) 
Where: 

Q = fractional-N modulus. 

fyco = fimay1 x N; input frequency of the prescaler. 


fimag1 = Maximum input frequency of the main divider 
(pins INM1 and INM2). 


fimaxy2 = Maximum input frequency of the reference : 
divider (pin INR). 


Lock detect 


The output LOCK is HIGH when the auxiliary phase 
detector and the main phase detector indicate a lock 
condition. The lock condition is defined as a phase 
difference of less than +1 cycle on the reference input INR. 
The lock condition is also fulfilled when the relative counter 
is disabled (EM = 0 or EA = 0 respectively) for the main or 
auxiliary counter respectively. 
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MBE125 


Fig.7 Waveforms for NF = 2 and fraction = 0.4. 
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LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER | omin. | MAX. | UNIT 
Vppp | digital supply voltage | 


Von [analog supply voiags 
: 10 [ma 
ow 


Prot _| total power dissipation | 
storage temperature 


; | operating ambient temperature 






















DC current into any input or output +10 









25 






el 








DC CHARACTERISTICS 
Vppp = Vppa = 2.9 to 5.5 V; Tamp = —40 to +70 °C; unless otherwise specified. 


SYMBOL PARAMETER | CONDITIONS 


IDDD«tb) digital standby supply EM =EA=0; inputs on 
current Vpp or O 


operating digital supply 
current 


Ippaystby | aNalog standby supply Vra = Vopa: Var = Vopa; 
current Vern = Vpopa | 


| Operating analog supply 
current | 


Digital inputs CLK, DATA and STROBE 


LOW level output voltage lo =2 MA; note 2 
HIGH level output voltage | lo = -2 mA; note 2 


Charge pump PHA 


output current Ina = —62.5 WA; 
| VPHA = Yo pp; note 2 


| relative output current IRA = —62.5 vA; 
Variation notes 2 and 3 


| output current matching | Ina = -62.5 UA; 
Vena = 2V pp; 
notes 2 and 4 
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[sweat] Parameter | _conommows [ww | 1¥R | wa | uN 


Charge pump PHP; normal mode (notes 5, 6 and 7); Var = Vpp 


output current lan = —62.5 WA; 440 550 WA 
Vpup = YeVpp; note 2 


IRN = -25 vA; VPHP = YVop 175 220 265 


AlPHP(N) relative output current) | | IRN = -62.5 pA; note 3 | 
variation | : 


AlpHP(N Mm) | Output Current matching IRN = -62.5 WA; 
Veup = %Vpp; 
notes 2 and 4 








[TPHe (ny | 












Charge pump PHP; speed-up mode (notes 5, 6 and 8); Var = Vpp 


output current Inn = —62.5 vA; 2.20 2.75 3.30 mA . 
Vpup = Vpp; note 2 
| Ian = -25 WA; Veyp = YVpp | 0.85 


AlPHP(S) relative output current Inn = —62.5 uA; 
variation notes 2 and3 


AlpHp(s my | Output Current matching IRN = —62.5 vA; 





[IPHP¢sy | 





Veup = %2Vpp; 
notes 2 and 4 


Nh] — 
an 
oS 








Charge pump PHI; speed-up mode (notes 5, 6 and 9); Var = Vop 


IRN = —62.5 A; 
Vey = YN pp; note 2 


IRN = -25 uA; VpuHi = YoVop 1.75 


AlpHiys) | relative output current IRN = —62.5 vA; 
variation notes 2 and 3 
IRN = —62.5 vA; 


AlpHis Mm | Output current matching 
VpH = %Vpp; notes 2 and 4 


Fractional compensation PHP; normal mode (notes 5, 10 and 11); Van = Vpp; Veup = %2Vpp 


HOI, - : 


FRD = 107; 







[lPHicsy | Output current 









F 
o>) 
oO 
= 
= 


iB 
il 
oO 
(O)) 
3 
di 


WA 






“ plp] ¢ 
NS 
I+ 
oO 
© 
Li 
7 


i i 











fractional compensation 
output Current PHP as a 
| function of FRD 







IPHP(F N) 






notes 2 and 12 


Inp = -25 vA; FRD =1 to 7; | -270 —200 -—130 nA 
note 12 


Fractional compensation PHP; speed-up mode (notes 5, 11 and 13); Van = Vop} Veup = ’2Vpp 


IRN = —62.5 WA; —3.35 -2.50 —1.65 
FRD = 1 to7; 
7 7 























fractional compensation 
output current PHP as a 
function of FRD 


IPHP(F 8) 








notes 2 and 12 
lan = -25 vA; FRD = 1 to 7; 
note1i2 _ 


bi 
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fractional compensation lpn = —62.5 vA; | —5.4 -4.0 -2.6 uA | 
output current PHI as a FRD = 1 to 7; | . 
function of FRD notes 2 and 12 
I—n = -25 uA; FRD = 1 to 7; | -2.15 —1.60 —1.05 uA 
| note 12 | 


| Charge pump leakage currents; charge pump not active 


IPHP(LO) output leakage current PHP | normal mode; 


re | Vpup = 0.7 to Vppa - 0.8 V 
| note 5 


IPHI(LO) output leakage current PHI | normal mode; 


Vey = 0.7 tO Vpopa — 0.8 V 
note 5 





PHALO) _| output leakage current PHA | Vpya = 0.7 to Vppa-0.8V_ | - 


Notes 


Ae 


Operational conditions: 

a) Main and auxiliary divider enabled (EM = EA = 1). 
b) NA = 125. | 

G NR 125, 

d) NM1 = 60. 

e) NM2 = 63. 

f) Yimax1 = ficmage = 15 MHz. 

Q) fimaxy3 = 60 MHz. : 
h) Lock condition. 

i) Normal mode; note 5 

i) IRN = IRF = IRA = 25 pA. 

k) CN = 255. 


i) PA=0. 


Limited supply voltage range 4.5 to 5.5 V. 


The relative output current variation is defined as: 
Al |y- 
ate ree ee eee 

ly Il. + I,| 
The output current matching is measured when both (positive and negative current) sections of the output charge 
pumps are on. 


; with V, = 0.7 V; Vo = Vpp — 0.8 V (see Fig.8). 


When a Serial ‘A’ word is programmed, the main charge pumps on PHP and PHI are in the ‘speed-up mode’ as long 
as STROBE = HIGH, otherwise the main charge pumps are in the ‘normal mode’. 


Monotonicity is guaranteed with CN = 0 to 255. 


Typical output current: pupa] = ~lay x oN ; specification condition: CN = 255. 
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(CL) 7 
8. Typical output current: pHeS| = = -lny x ON x 59 pepceceton conditions: 
a) CN = 255; CL = 1 or, 
b) CN = 75; CL=3. 
9. Typical output current: |Ipy| = —lRy x ON x Drees a specification conditions: 


a) CN = 160; CL = 3; CK = 1 or, 
b) CN = 160; CL = 2; CK = 2 or, 
c) CN= 160; CL=1;CK=4or,. 
d) CN = 160: CL = 0; CK = 8. 
RD. Sia che eels 
738° specification condition: FRD = 1 to 7: 
11. The compensation current specified does not include the leakage current of this output. 
12. FRD is the value of the 3-bit fractional accumulator. 


10. Typical fractional compensation output current: | DUPE N) = lap x 


| (CL +1) 
: ; : 2 +1. ee sas ; 
13. Typical fractional compensation output current: I DHE s) = la-x FRD x oa 0a specification conditions: 
FRD =1to 7; CL=1. 
; ; (CL+1) CK 
14. Typical fractional compensation output current: DHE) = I_ppxFRDx2 x —— ; Specification conditions: 


128 
a) FRD =1to7; CL=1; CK=20r, 
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MBE 126 


Fig.8 Relative output current variation. 


AC CHARACTERISTICS 
Vppp = Vppa = 2.9 to 5.5 V; Tamb = —40 to +70 °C; unless otherwise specified. 


[svweou] —Parameren | conomons | _wm | 1¥R | wax | UNTT 


Main divider (inputs INM1 and INM2) 


| fimax)t maximum input frequency 


differential input signal 
amplitude Vina — Vinme 
(peak-to-peak value) 


propagation delay time 


from Inj and Inyo to FB1 note 1 


mark-to-space ratio for 
differential ital signals 


Space: note 2 
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[svwpor[ paraweren | _conomons | wm | we | wax | ONT 


Reference divider (input INR) 


fimane [maximum inputfequeny | SS~dBSC 
Le 
Vi(p-p) input signal amplitude 300 —' 
AC coupled (peak-to-peak 
value) 










MHz 





= 
ai 


N 













Zimin) minimum input impedance | resistive; note 2 A a 
Auxiliary divider (input INA) 
| fi(max)3 maximum input frequency | prescaler enabled; PA = 0 i MHz 
| prescaler enabled; PA = 0; MHz": 
note 1 
prescaler disabled; PA = 1 fe. MHz 
prescaler disabled; PA=1; | 30 MHz 
note 1 
Viip-p) input signal amplitude AC 
coupled (peak-to-peak 
value) 





i¢) 

© 

>) 
Dlx 


| 


Serial interface (inputs DATA, CLOCK and STROBE); see Fig.3 


clock frequency 
[tro _[olock LOW time Le 


Zimin) minimum input impedance | resistive; note 2 
Capacitive; note 2 | 


ma 
N 


ie) 
io) 


DATA hold time 
STROBE set-up time 
STROBE hold time 


Notes 


1. Limited supply voltage range 4.5 to 5.5 V. 
2. Periodically sampled; not 100% tested. 
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FEATURES 

e Single chip synthesizer; compatible with Philips 
cellular radio chipset 

Fully programmable RF divider 

2?C interface for two-line serial bus 





e On-chip crystal oscillator/TCXO buffer from 3 to 16 GENERAL DESCRIPTION 
ioe —— . . The UMA1014 is a low-power universal synthesizer 

° 16 reference division ratios allowing 5 to 100 kHz which has been designed for use in channelized radio 
channel spacing communication. Tne IC is manutactured in bipolar 

° 1/8 crystal frequency output technology and Is designed to operate at 5 to 100 kHz 


channel spacing with an RF input from 50 to 1100 MHz. 
The channel is programmed via a standard |!*C-bus.A 
low-power sensitive RF divider is incorporated together .- 


e On-chip out-of-lock indication 
Two extra VCO control outputs 


° Latched synthesizer alarm output with a dead-zone eliminated, 3-state phase comparator. 
e Status register including out-of-lock indication and The low-noise charge pump delivers 1 mAor 1/2 mA 
power failure. . output current to enable a better compromise between 


fast switching and loop bandwidth. A power-down circuit 


e Power-down mode. , 
enables the synthesizer to be set to idle mode. 


APPLICATIONS 


e Cellular mobile radio (NMT, AMPS, TACS) 
e Private mobile radio (PMR} . 
e¢ Cordless telephones 


QUICK REFERENCE DATA 


Tsyweot | paraweven Sdn, [Roma UNT 
leet lee | suppiyeurron Sid id Cid ma 
lms [kein powercownSSSC*dSSS~*id Sid 
[iw [ phase comparator reference frequency [ps -‘|- ——~=«ditooSC=i 
ge [RF input requency Si dd 
Tra [operating ambient emperatue range [=O [= 


ORDERING INFORMATION 


EXTENDED TYPE PACKAGE 









UMA1014T 





NUMBER PINS | PIN POSITION MATERIAL CODE 
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PINNING 











SYMBOL| PIN| _—=—sDESCRIPTION, 
OSCIN 
oscouT 
Ver | * [Sveum SiS 


charge pump output’ 

eo be [pen 
~ | (including out-of-lock) 

ae [8 [RFint 

rsck [8 [serial cockinput 

RPO 


FX8 16 1/8 crystal frequency output 
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Fig.2 Pin configuration. 
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FUNCTIONAL DESCRIPTION 


The UMA1014 is a low-power frequency synthesizer for 
radio communication which operates in the 50 to 1100 
MHz range. The device includes an oscillator/bufter 
circuit, a reference divider, an RF divider, a 3-state phase 
comparator, a charge pump and a main control circuit to 
transfer the serial data into the four intemal 8-bit 
registers. The Voc supply feeds the jogic part, the Vop 
supply feeds the charge-pump only. Both supplies are +5 
V (+10%). The power-down facility puts the synthesizer 
in the idle mode (all current supplies are switched off 
except in the control part). This allows any !2C transfer 
and all information in the registers ts retained thus 
enabling fast power-up. 


Main divider 


The main divider is a pulse swallow type counter which ts 
fully programmabie. After a sensitive input amplifier (50 
mV, —13 dBm), the RF signal is applied to a 31/32 
duo-modulus counter. The output is then used as the 
clock for the 5-bit swaliow counter R = (MD4 to MDO) 
and the 13-bit main counter N = (MD17 to MD5). Tne 
ratio is transferred via the l?C-bus to the registers B, C 
and D, and then buffered in an 18-bit latch. The ratio in 
the divider chain is updated with the new information 
when the least significant bit 1s received (i.e. DO). This 
update is synchronized to the output of the divider in 
order to limit the phase error during small jumps of the 
synthesized frequency. 


The main divider can be programmed to any value 
between 2048 and 262143 (i.e. 2'€ —1). If ratio X, below 
2048, ts sent to the divider, the ratio (X + 2048) will be 
programmed. When it is required tc switch between 
adjacent channels it is possible to program register D 
only, thus allowing shorter i?C programming time. 


Oscillator 


The oscillator !s a common collector Colpitts type with 
extemal capacitive feedback. The oscillator has very 
small temperature drift and high voltage supply rejection. 
ATCXO or other type of clock can be used to drive the 
oscillator by connecting the source (preferably 
AC-coupled) to pin 1 and leaving pin 2 open-circuit. The 
oscillator acts as a bufier in this mode and requires no 
additional external components. The signal trom the 
clock source should have a minimum space width of 

31 Ns. 
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Reference divider 


The reference divider is semi-programmable with 16 
division ratios which can be selected via the I@C-bus. The 
programming uses four bits of the register A (A3 to AO) 
as listed in Table 2. These ratios allow the use of a large 
number of crystal trequencies trom 3 MHz up to 16 MHz. 
All main channel! spacings can be obtained with a single 
crystal/TXCO frequency of 9.6 MHz. 


Phase comparator 


A diagram of the phase comparator and charge pump is 
iltustrated in Fig.3. 


The phase comparator is both a phase and frequency 
detector. The detector comprises dual flip-flops together 
with logic circuitry to eliminate the dead-zone. When a 
phase error is detected the UP or DOWN signal goes 
HIGH. This switches on the corresponding current 
generator which produces a source or sink current for 
the loop filter. When no phase error is detected PCD 
goes high tmpedance. The final tuning voltage for the 
VCO is provided by the loop filter. The charge pump 
current Is programmable via the l¢C-bus. When [PCD (bit 
5) is set to logic 1 the charge pump delivers 1 mA; when 
IPCD is set to jogic 0 the charge pump delivers 0.5 mA. 


The phase comparator has a phase inverter logic input 
(PHI). This allows the use of inverted or non-inverted 
loop filter configurations. It is thus possibile to use a 
passive loop filter which offers higher performances 
without an operational amplifier. The function of the 
phase comparator is given in Tabie 3 and a typical 
transfer curve is illustrated in Fig.4. 


Out-of-iock detector 


An out-of-lock detector using the UP and DOWN signals 
from the phase comparator ts included on-chip. The pin 
VCOA Its an open collector output which is forced LOW 
during an out-of-lock condition. The same information is 
also available via the !?C-bus in the Status register (bit 
OOL). When the phase error (measured at the phase 
comparator) is greater than approximately 200 ns, an 
out-of-lock condition is immediately flagged. The flag is 
only released after 6 reference cycles when the phase 
error is less than 200 ns. 
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Tabie 1 Division ratio in the main divider 
MAIN COUNTER: N SWALLOW COUNTER: R 


[p17 [more [mois |. [ mMpe [ mor [| mos | mba [| Mp0 


ei | po | cr | |. | co | or | | os | | 


CHANNEL SPACING FOR 9.6 MHz AT 
OSCIN 





Table 2 Reterence divider programming 









lef < Nai tee! > er 


a a ee 
DO a a a 
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MAIN CONTROL 


The contro! part consists mainly of the 1@C-bus control data bytes. Since the length of the data burst is not fixed, 
interface and a set of four registers A, 8, C and D. The it is possible to program only one register or the whole 
serial input data (SDA) is converted into 8-bit parallel set. The registers are structured in such a way So that 
words and stored in the appropriate registers. The data the burst, for normal operation, is kept as short as 
transmission to the synthesizer is executed in the burst possible. The bits that are only programmed during the 
mode with the following format: set-up (reference division ratio, power-down, phase 
//slave addr./subaddr./data 1/data2/.../datary//; n up to 4 aes ane Culenl 60 RUE) steroid nedisicls - 


Data byte 1 ts written in the register indicated by the 
subaddress. An auto-increment circuit, if enabled (AVI = 
4), then provides the correct addressing for the ensuing 


In the slave address six bits are fixed, the remaining two 
bits depend on the application. 


- Table 4 Slave address 


eee oe ee re 


SAA is the slave address. When SAA goes HIGH then The subaddress includes the register pointer, and sets 
SAA = 0, when SAA goes LOW then SAA = 1. This the two flags related to the auto-increment (AVI) and the 
allows the use of two UMA1014s on the same bus but alarm disable (DI) 


using a different address. R/W should be set to logic 0 
when writing to the synthesizer or set to logic 1 when 
reading the status register. 


Table 5 Subaddress 


px | x UT x xO 


ee 


Where: 
SB1/SB0 are the pointers of the register where DATA1 


X = not used 
will be written (see Table 6). 


DI (Disable interrupt): 
D| = 1 disables the alarm on SYA 
DI = 0 enables the alarm. 


When the auto-increment is disabled (AVI = Q), the 
subaddress pointer will maintain the same value during 
the !*C-bus transter. All the data bytes will then be written 
AVI (Auto Value Increment): consecutively in the register pointed by the subaddress. 
AVi = 1 enables the automatic increment 

AV| = 0 disables the auto-increment. 


Table 6 Pointer of the registers 


REGISTER POINTED 
A 


a a 
1 a ee eS eee 
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Status register and synthesizer alarm 


When an out-of-lock condition or a power dip occurs, 
SYA, which is an open collector output, is forced LOW 
and latched. The pin SYA will be released after the status 
register is read via the l?C-bus. 


The status register contains the following information: 


Table 7 Status register 


[oe] o |] 0 | of | o | wo [ > [5 


Where: 


OOL = momentary out-of-lock 

LOOL = latched out-of-lock 

LPD = latched power dip 

Di = disable interrupt (of the last write cycle) 


The /2C-bus protocol to read this internal register is a single byte without subaddressing: 


/islave address (R/W = 1)/status register (read)// 


Table 8 Bit allocation 


[| ~?ryets|[¢f[s[?7 ,1,o, 
a ex ee] ROs [De [RDFA | oo0oTTIO 
as pero |) PH vc08 | vooR [woi7 [wo16 | totoor01 
ef 10 | mois | wore | mois | wor [wort | wio_| moe | mos | 00111000 
[of | mp7 | me | mos | mos [wpe | me [mp1 | mo | 10000000” 


Where X = not used 













Table 9 Register allocation 


mH coc BIT NAME FUNCTION PRESET VALUE 


powendenn—-—_____ FD eGinomeloperetin.. [02 

pump current IPCD=0=0.5mA 
PH PHi = 0 passive loop filter a 
voGA veo evten A Jowtsin 
lvcop ss [VCOswitchB ss [setpin 13, 
a 


MD17, MD16 bits 17 and 16 MSB of main divider rato 
Ic MD 15 to MD8 bits 15 to 8 


MD7 to MDO |bits 7 to 0 main divider ratio 












00111000 


10000000. 
r = 80000 







October 1992 872 


Philips Semiconductors RF Communications Products Product specification 


Low-power frequency synthesizer for mobile radio UMA1014 
communications 





Vop 





V (source) 


ima 
(sink) 


MAAI99 










PHASE 
COMPARATOR 






DOWN 


PHI 


Fig.3 Phase comparator block diagram. 









LIMITING VALUES 
In accordance with the Absolute Maximum System (JEC 134) 


HANDLING 





Every pin referenced to ground withstands ESD (HMB) 
tests in accordance with MIL-STD-883C method 3015 
class 2. inputs and outputs are protected against 
electrostatic discharges in normal handling. However, to 
be totally safe, it is desirable to take normal precautions 
appropriate to handiing Integrated Circuits. 


PURCHASE OF PHILIPS fC COMPONENTS 





Purchase of Philips I?C components conveys a ficense under the Philips’ IC patent to use 
the components in the l*C system provided the system conforms to the !?C specification 
defined by Philips. This specification can be ordered using the code 9398 393 40011. 
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CHARACTERISTICS 
Tam = 25 °C; Vee = 4.5 to 5.5 V; unless otherwise specified 


Supply (pins Vee and Vep) 


fsuppiycurent 

[charge pump suppyvorage | ——SsSS=C~— SC‘ SSC* 
charge pump supply current 
RF dividers (pin RF) | | 
Vices, input voltage level (RMS vaiue) | 50 to 100 MHz 
100 to 1100 MHz 50 150 


at 100 MHz 
C 
division ratios ee eee Se 


Oscillator and reference divider (pins OSCIN and OSCOUT) 


. oscillator frequency range 


VosciRMS) input level sine wave (RMS 
value 


Voscipp) input level Square wave | 
(peak-to-peak value) 


input mark width 
input space width rr: 


output impedance at pin 
OSCOUT 


reference division ratio see Table 1 


1/8 crystal frequency (open collector output) (pin FX8) 


ig [LOW evel outputcurrent [V2 08V fe A 


Phase comparator (pin PCD) 


output current Vecp = 2.5 V 
bit IPCD = 14 0.9 ie 1.4 mA 
_ | bit IPCD = 0 0.45 0.6 0.75 mA 
+5 A 


lou _foutputieakage current | dS n 
Veen foutputvoltage | fe MeV 









oO 


om 
© 


< 
aE 


* 


; 
i 
oO 
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<< 
au 
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at 
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malo 2 
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a 
Vz [LOW level input voriage | , 

[iw | HiGHevelinputcunent | ———S~C~SsS—S~sNSS~*dINSC*d 
Th, | LoWievel inputourrent [| SSSC~—SC~—TOSC*dSSSC*dSSSSC*d 
fe __|imputcapactance | Cd id «dO «di 
Tin FS0ASinkeurent—«diVa=oav a -'|-—*i- | ma _ 
Slave address select input (pin SAA) and Hardware power-down input (pin HPDN) 

LOW level input voltage 

HIGH level ew current 

a To ae a el 


ree output switches (pins VCOA and VCOB) and synthesizer alarm (pin SYA); note 2 
LOW ievel sink current 





Notes to the characteristics 


1. C,is in parallel with R, 
2. Pin VCOA is forced to logic 0 during out-of-lock condition 


Ipco =0.5 mA 








phase ditierence (i= ns) 


The current Ipep iS averaged over a reference period of 24 us. 


Fig.4 Gain of phase detector and charge pump. 
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UP or DOWN | | | | 





Fig.5 Out-of-lock function. 









RF input 
(mV RMS) 





se = ss = = oe ee free ele Ul Se eee ele =| lee ee 










| 

I 

Quaranteed area | 
\ of operation 
| 

| 

I 


typical RF 
sensitivity 
(Tamb = 25°C) 


1200 





50 «100 200 500 1000 1100 


ipe (MHz) 
MRA402 <1 


Fig.6 RF input high frequency sensitivity. 
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—— 









| 
200 
| 
RF input 
(mV RMS) 
| | a 
150 wN\ SS gts oo Ts poe ee, Ee ey 
\ 
\ 
\ 
\ guaranteed area 
« 100 \ ot operation 
= \ 
N 
\ 
\ 
50 eee eee eee eee eel 
typical RF 
| sensitivity 
| Camb = 25 eC} 
0 50 100 150 200 
tap (MHz) 
MRA4O3 + } 
Fig.7 RF input low frequency sensitivity. 





OSCIN 


_ bosc_mk ~—*- OSC _sp x MLA436 = 1 


Fig.8 Oscillator input timing. | 
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100 nF 
VOLTAGE 
CONTROLLED 
Saat CSCILLATOR 
modulation 
input 870 to 910 


MHz 


ETACS application for: 


Channel spacing = 12.5 kHz. 
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9.6 MHz | C13 


[ 


Gi 


. 120 pF 
C8 
2-20 pF 
Ct1 
39 pF 
Vop as 
R7 C9 
67 uF 
680 ae a 
Wy 
Voc —_) 
R8 C10 
122 Hi 47 yF UMA 1014 
low 
current 
LED 
~ Re 
3.9kQ 
Voc CH ee 
V3 
C6 R14 
TNF 56 2 es 
R6 ) 
180 R5 C17 
18M ink 
aay PH b+ ORF output 
Ré 
182 Ri 
contro! voliage 18k 
=z 


Ci 


i 
i 3 


Fig.9 Typical cellular mobile radio application. 
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Application report for the UMA1014T frequency SCO/AN91004 


synthesizer 
a a a SS eS Se a ee 2 ee | 


1. INTRODUCTION 


This application note is intended as a guide to designing a phase locked loop 
based on the Philips UMA1014T frequency synthesizer integrated circuit. 
The UMA1014T is a low power single chip solution to frequency synthesis 
in the range 100 MHz to 1100 MHz and is primarily intended for use in 


analogue cellular radio applications. 


The device comprises of the following functional blocks: 


® RF dual-modulus prescaler. 

@ RF programmable divider. 

@ Reference oscillator. 

e Reference programmable divider. 
2) Digital phase comparator. 

@ In-lock detection circuitry. 

Q I2C serial programming interface. 


In addition, the device features a power down mode for battery conservation 
and a XTAL/8 output for use with the Philips cellular radio chipset. The 
only major external component required is a voltage controlled 
oscillator (VCO). 


This application report presents a design for a frequency synthesizer based 
on the UMAI014T suitable for the local oscillator for analogue cellular 
radio applications in the 900 MHz band. A PCB layout is suggested. For 
detailed device specifications of the UMA1014T refer to the data sheet 
(Reference 1). 
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Zz. FUNCTIONAL DESCRIPTION OF THE UMA1014T 


The main functions are illustrated in a Phase Lock Loop (PLL) block 
diagram (Fig 1). A temperature controlled crystal oscillator (TCXO) 
provides a reference frequency to the PLL. A phase comparator uses a 
charge pump to send correction current pulses to a low pass filter. The filter 
integrates the pulses giving a voltage which controls a VCO. VCO and 
TCXO 0/ps are divided down to a common comparison frequency to control 
the phase comparator. When the VCO o/p is on frequency the current 
pulses need only be large enough to cancel leakage currents thus 
maintaining the required voltage on the VCO. 


2.1 Main Divider Chain 


The UMA1014T contains a fully programmable main divider chain with an 
on-chip RF prescaler. The range of the main divider is from 2048 to 262143, 
thus permitting all useful phase detector comparison frequencies over the 
full range of input frequencies. 


2.2 Reference Divider Chain 


Since current analogue systems have only a few different channel spacings, 
and in any system there is a restricted choice of reference crystal 
frequencies, the UMA1014T implements a reference divider with limited 
programmability. A total of 16 different division ratios can be selected 
which enables al] the required phase detector comparison frequencies to be 
generated. These ratios are 128, 160, 192, 240, 256, 320, 384, 480, 512, 640, 
768, 960, 1024, 1280, 1536 and 1920. 


In addition, there is one eighth of the crystal frequency available on an 
output for use with the Philips cellular radio chipset. This chipset uses a 
1.2 MHz clock for the analogue and digital baseband circuits which is 
provided by the frequency synthesizer; the synthesizer thus requires the 
use of a 9.6 MHz crystal in this application. 
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23 Phase Detector 


There are three requirements for the phase detector; firstly it should cover 
the full 860 degree phase range, secondly it should have good noise 
performance, and thirdly it should have good comparison frequency 
suppression. In order to meet these requirements, the use of a high gain 
digital phase comparator is beneficial. The comparator covers the complete 
phase range while introducing little noise owing to the high proportion of 
time that is spent in a high impedance state. Good reference rejection is: 
achieved due to low leakage currents. 


2.3.1 Digital Phase Comparator 


The Digital Phase Comparator (PCD) has three states, sinking current, 
sourcing current and a high impedance tristate. The design is based on 
D type flip-flops and responds to the full 360 degree range of phase inputs. 
The D type flip-flops control two current sources arranged in a push pull 
configuration. PCD delivers a constant current while the main and 
reference dividers are out of phase, either sinking or sourcing (Fig 2). The 
current IPCD is programmed via the I2C interface to be either 1 mA or 
0.6 mA. The phase comparator gain is hence: 


. IPCD 
PCD gain = — A/rad (1) 
2x 


The phase comparator circuit incorporates a delay which eliminates a dead 
band that would otherwise be present in digital phase comparators. Dead 
bands are due to the finite time the current sources take to switch on. The 
design of the UMA1014T takes this into account by introducing the delay 
into the D type reset line. This gives the current sources enough time to 
respond. Both current sources are switched on for the duration of the delay 
thus cancelling each other at PCD. 
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3. INTERFACING TO THE UMAI1014T 


The UMA1014T provides two way communication to a controller, power 
down facility, programmable o/p ports, oscillator circuitry and PLL control. 
The UMA1014T is designed to have the minimum of a components 
to enable low cost, compact and reliable circuits. 


3.1 Programming the UMA1014T 


a 


The UMAI1014T is programmed via the Philips Standard I2C bus. To 
program information into the device registers, it is necessary to transmit 
first the device address, then the sub-address, and finally the data bytes for 
the register(s) (Reference 2). To read the status register, it is only necessary 
to transmit the address before reading back the value of the status register. 
When writing to the UMAI1014T the sub-address allows writing to any 
single register, or a burst mode where all registers can be written in one J2C 
transfer. The formats are thus: 


Write to one register: 


START - address - sub-address - data - STOP 
contains register number to be accessed 


R/WN (read/write not) bit set to 0 (write) | 


Write to several registers: 


START - address - sub-address - data 1 - ...- datan- STOP 
contains first register number to be 
accessed in the sequence and auto- 
increment enabled 


R/WN bit set to 0 (write) 


Read from status register: 


START - address - status - STOP 
R/WN bit set to 1 (read) 
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The address byte, in addition to containing the R/WN bit as shown above, 
has one bit that reflects the inverse of the SAA pin logic level. This allows 
the addressing of up to two synthesizer circuits on the same [2C bus. 


The format for the address bus is as follows: 


1 1 0 0 41 SAA O R/WN 
0 (write), 1 (read) 
opposite logic level to that of SAA pin 


MSB of device address, transmitted first after START condition 


The sub-address has the following format: (X means not used) 


X X X DI AVI X_ SB1 SBO 


register pointer 





auto-increment - 0 (disable), 1 (enable) 


SYA interrupt - 1 (disable), 0 (enable) 


Data is formatted as a series of registers as follows: 












Bit Allocation 


Reg/ Bit AMoeation 

ister! 0/1 Preset 
7 5 3 

foe] mo |e Fveo) | a ae [mr | a | 

pa fo) oro fa PHI | VCOB |VCOA |MD17 | MD16/ 10101001 | 


cof woe oe [as |e on [| wo oe 
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Register map bit polarities: 


0 1 
PD Normal operation Power down 
IPCD Current in PCD = 0.56mA PCD =1mA 
RD3..0 Reference divider ratio MSB = RD3 
PHI Passive loop (no inversion) Active loop (Phase inversion) 
VCOA Set pin 7 low Set pin 7 high 
VCOB Set pin 13 low Set pin 13 high 


MD17..0 Main divider ratio MSB = MD17 


RD3..RDO reference divider programming: 





a 
1 #_ 
a 
: 
eal 
a 


we 
atten 
= 
Za 
LS 
Le 
Le 
Le 
—_ 


MD17..MD0 main divider value 2048 to 262143 (hex $800 to $3ffff). 
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3.2 Hardware Control Inputs and Outputs 


There are a number of status and control signals generated by the 
UMA1014T and also a hardware control input. | 


3.2.1 HPD Input 


This input is used to disable the divider chains in order to save power when 
the synthesizer is not required to be operational. The power down state can 


_ be activated either by taking this pin low or by setting the power down bit 


in the [2C register toa'l'. The input has an internal pull-up resistor so that 


normal operation will be obtained if the pin is left open circuit. 


The power down state does not have any effect on the I2C circuitry, so that 
the device may still be addressed, and new information programmed into 


the registers even in the power down mode. 
3.2.2 FX8 Output 


This is an open collector output of one eighth of the crystal or TCXO input 
frequency. It is required for use with the Philips cellular radio chipset for 
AMPS and TACS systems; in this application the synthesizer should be 
used with a 9.6 MHz TCXO. The recommended pull-up load is 27 k Ohm. 


3.2.3 SYA (Synthesizer Alarm) Output 


This is an open collector output which is normally held high by an external 
27 k Ohm load. Under error conditions, the synthesizer latches SYA low. 


The error conditions that set SYA low are a power dip or an out-of-lock | 


condition. A power dip occurs when VCC supply falls below about 3.5 V. 
SYA is reset again by reading the status register, which contains the 
relevant alarm information. The SYA output can also be enabled and 


disabled via I2C as required. 


The typical use of SYA would be to interrupt a microcontroller to warn of 
the error condition. As the output is open collector, it is possible to connect 
more than one device together directly; in this case the microcontroller 
would poll the relevant devices to locate the source of the error condition. 
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3.2.4 VCO0and VCO1 Outputs 


These are open collector outputs and are intended for enabling the power 
supply to VCOs or buffer stages so that these parts of the set can be powered 
down when not required to be operational. The outputs are controlled via 
I2C. In addition, the VCOO output is forced low during an out-of-lock 
condition; this output could therefore be used to disable the transmitter . 
when this condition occurs to prevent causing interference. In this case, 
there may well be other parts of the circuitry also controlling the 
transmitter in the same way; as the VCOO and VCOI1 lines are open 
collector, they may be directly connected to other such controlling signals. 


The VCOI1 output is not affected by the hardware power down input or 
power down via I2C. The VCOO output will of course be forced low due to 


the out-of-lock condition resulting from a power down. 


3.3 Crystal Oscillator 


For analogue cellular radio applications, the UMA1014T will almost 
certainly be used with an external oscillator in order to provide the stability 
necessary to ensure operation within the specification. However, in case 
some other applications do not require such accuracy, provision has been 
made to form a crystal oscillator using the OSCIN and OSCOUT inputs 
(pins 1 and 2 respectively). The oscillator circuit should be of the Colpitts 
type and requires the addition of four capacitors to function. This is shown 
in Fig 3, with capacitor values suitable for operation at 9.6 MHz. 


The internal biasing provides possible operation over the range 3 MHz to 
16 MHz with the addition of a suitable crystal. It may be necessary to 
adjust the values of the capacitors slightly to guarantee oscillation under 
all conditions for frequencies significantly different to 9.6 MHz. 


The crystal used in this circuit is parallel resonant, fundamental mode, 
with a load capacitance of 30 pF which is approximately the series © 
combination of the three fixed capacitors in parallel with the trimmer 


capacitor. 


April 12, 1991 886 


Philips Semiconductors RF Communications Products 


Application note 





Application report for the UMA1014T frequency 
synthesizer | 


SCO/AN91004 





April 12, 1991 


3.4 External Oscillator 


When using an external oscillator such as a TCXO module, the output from 
the oscillator should be connected directly to the OSCin pin (pin 1). The 
OSCout pin (pin 2) should either be left open circuit, or could be used as a 
buffered version of the signal applied to OSCin. 


3.5 RF Connection to Main Divider 


The output from the VCO needs to be split between the synthesizer RF o/p 
and the UMA1014T main divider input. A matched splitter is used as 
shown in Fig 4. Ideally, the splitter should provide maximum isolation to 
the VCO to prevent pulling or modulation due to changes in the load 
impedance at the RF o/p and main divider input. The amount of isolation is 
limited by the required RF output power and the main divider input 
sensitivity. Emphasis is placed on the importance of providing sufficient 
isolation between the VCO and the main divider to keep spurious 
modulations at a minimum level. 


3.6 Loop Filter Design > 


The correct design of the loop filter is of considerable importance to the 
optimum performance of the synthesizer. The filter should be designed so 
as to achieve the required compromise between noise performance and 
switching time. The actual circuit will therefore depend on the particular 
application. A procedure has been established to ensure quick and simple 
loop filter design. The method, based on first order approximations, 
provides a working solution without a need for computer simulation and 


modelling. 
Design Procedure 


For typical applications a passive loop is used thus removing the need for an 
operational amplifier. The following design is based on a second order low 
pass filter (Reference 3). Then, for applications requiring further reference 
breakthrough rejection, a third order is incorporated. The third order loop 


filter is used for circuits and measurements in this report. 
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Loop parameters are first chosen, these are: 
® Radio frequency RE 
e Comparison frequency CF 
e Switching time St 
@ Minimum modulating frequency MF 
@ VCO gain rad/Volt Ko 
@ Phase comparator gain Amps/rad Kd 
@ Phase margin @ 
Determine the loop bandwidth Fn from 
3 
——————— = Fn (2) 
swuching time 
Determine main divider ratio N from N= RF/CF- (3) 
Determine angular velocity wn rads/s from wn = 2xnxFn 
The loop filter circuit (Fig 5) has three time constants, these are: 
© Tie C3 x Ro (4) 
© T2=R2xC1xC3/(C3 + C4) (5) 
® 13) =-C22 Rl (6) 


The second order loop is designed by omitting R1 and C2 (T3) and uses the 


equations below: 


T2 = — -Tano (7) 
COS @ 
wn 
T1.= 1/(wn? x T2) | (8) 


Fone TAG | 
C2450) 16 (9) 


1 + (wn x T2)° 
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KdxKo 
where K = -——— (10) 

Nx on 

T2x(C3 + C1) 

Cc) = ———_—_ (11) 

7 | 
CAMs SC (12) 
R2=T71/C3 (13) 


April 12, 1991 


Measuring the reference spurs and comparing with a particular 
specification establishes if a third order is necessary. 


If a further 'A' dB of breakthrough suppression is needed to meet 
specification, then T3 is included to make a third order filter. Note 'A' 
should not be so large that T3 x 10 > T1. A good starting value for 'A' is 
20 dB. 


(A /20) _ 


10 ] 


T3 = ( (14) 


(2xnxFe)? 2 
T2 determines the loop stability and remains the same as for 2nd order loop. 


A calculated value of closed loop bandwidth wnc is used. This is usually 
slightly less than wn so the switching time will! be slightly longer than 
originally specified. 


(T2 + T3) 4x72" 


T2 2 


wre = rtang x( Let 


—————___ -1 (15) 
(2x tangmx(T2 + T3)) 


] 
eS SS (16) 


wne'x (T2 + T3) 


1 + (wncx Pie 
C3+C)l=kK rr (17) 


2 2 T3 + T2 
(1 — wne“x T2 x73)" + aa 
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KoxkKd 
where K = ———— (18) 
Nxwne? 
C3 + Cl)x T2 
er ce cael (19) 
Tl 
C3 =(C3 + Cl)—Cl (20) 
C2 =C1/16 (21) 
R2=T71/C83 | (22) 
Ril 2737 C2 (23) 


For a successful filter itis important thatC3 >> ClandCl >> C2. 
3.6.1 Worked Example 


As an example the design of the third order loop filter for the UMA1014T 
under the following conditions is shown below. This design on the 
PCAL1143-1 board suitable for ETACS transmit application. Switching 
time is set sightly shorter than expected to compensate for the reduction in 
the final loop bandwidth Fnc. 


VCO frequency = 888 MHz 

VCO gain Ko = 13MHz/V 

Channel spacing = 25 kHz (with half channel offset) 
Reference oscillator = 9.6 MHz 

Switching time = 12ms(fora requirement < 14 ms) 
Min mod frequency = 300 Hz 

Phase margin(degrees) = 45 

Additional reference 

Rejection A = 20dB 
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In this example the phase comparator gain Kd chosen is 1 mA / cycle as 
opposed to 0.5 mA/cycle. In open environments a loop based on this is less 
susceptible to interference as capacitor values are higher. A comparison 
frequency of 12.5 kHz is chosen to allow for the half channel offset specified 
in ETACS. 


The first order loop bandwidth Fn: 


= 





= 250 Hz wn=2xnxFn= 1570 rads/s Use (2) 
3 
12x10 


The main divider ratio N: 





888x10° 
wae aa Use (3) 
12.5x10 
= ~ tan 45 = 2.64x1074 Use (7) 
cos 45 
1570 
19 2/2 _ = 
T3 = (————, } = staz10 Use (14) 
(2xnx12500) 


(264x110 ~44+ 3.82410 ~°)xtan 45 
LDN, So oe 


hae 10 8)? 


4x(2.64x10 ~4)? 
1) Use (15) 
(2xtan 45x (2.64x10 ~4+ 3.822110 ~*)) 
] 3 
EY AS 10 (Use (16) 


1491 10 64x10 79-9 82910”) 
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13x10°x10~° af 
K = ——————. = 9. 04x10 ~ | Use (18) 


71040 x 14217 


1+ (1421 x 1.64210 7°)? 

Cl1+C3=K ; 
a “a 5.9  3.82%107° + 2.64 ~* 
(1 — 14217 +2.642x10 74 x 3.82 7°)? + ————___ 

1.64210" 
—-214x107! Use (17) 
2.14x10~'x2.64x10~“ ; 
6 a ace RE Ua Use (19) 
1.64x10 73 

C3 = 2.14710 7'-~ 3.45710 ~?=1.82x107? | Use (20) 
C2 =3.45110~°/16 = 2.152107" Use (21) 
R2 = 1.64710 7°9/1.82%107~' = 9111 Use (22) 
R1 = 3.82x107°/2.15x10 ~? = 17767 Use (23) 


Check C2 << C1 << C3. 


Values chosen for filter components are: 


Cl= 33. nF R1=18 kOhms 
C2] 92> mF R2=10 kOhms 
C3 = 180 nF 
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oad PCB Layout Considerations 


The circuit of the UMA1014T demonstration board (PCAL1143-1) is shown 
in Fig 6, with the layout shown in Fig 7. This PCB has a solid ground plane 
on one side (apart from isolated pads for non-grounded connections to 
leaded components). In addition, there are areas of ground plane on. the 
surface mount side of the board to ensure satisfactory grounding of 
important components. There are a good number of plated-through holes 
connecting the two layers of ground plane. Normal RF design practices « 
should of course be taken into account when laying out the circuit. 


There are a number of particular points that should be borne in mind when 


considering the circuit and layout. 


es) The non-surface mount side of the board (if a 2 sided board 
is used) should be virtually solid ground plane to give good 
RF performance. | 


@ The 5 V digital supply (VCC) should be well decoupled as 
close to the pin as possible, preferably with a large value 
capacitor (eg: 47 uF) and in series with a small value 
resistor (eg: 12 Ohms) from the 5 V line. 


® The 5 V charge pump supply (VCP) should be decoupled 
separately from VCC but ina similar manner. Routing the 
5 V supply under the IC is to be avoided. 


@ Incorporating a ground plane on the surface mount side of 
the PCB underneath the synthesizer helps isolate digital 
noise from the charge pump parts. This ground plane 
should be well connected with vias to the full ground plane. 
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4. TYPICAL PERFORMANCE 


This section describes the typical performance obtainable with the 
UMA1014T with the circuit shown in Fig 6 and parameters listed in 3.6.1. 
The relevant performance criteria for a synthesizer are usually: 


| Close-in phase noise (ie: noise within the loop bandwidth). 
Noise floor at an offset from the carrier. 
Comparison breakthrough components. 
Switching time. 


It should be noted of course that these criteria can be traded off against each 
other to some extent to tailor the overall performance, and that the 
performance described here is only one compromise between the various 
criteria. In general, the choice of a low loop bandwidth will improve the 
comparison frequency breakthrough and will filter out more of the close-in 
phase noise, but will result in a longer switching time. The use of a higher 
order filter can improve comparison frequency breakthrough with little 
effect on the noise or switching time. The noise floor at offsets significantly 
higher than the loop bandwidth are determined completely by the VCO 
itself. | 


Plots of the close-in spectrum (span of 2 kHz) and also a span of 50 kHz are 
shown in Figs 8 and 9 respectively for a carrier frequency of 888 MHz and a 
comparison frequency of 12.5 kHz. From Fig 8 we can see from the noise 
plateau that the loop bandwidth is around 270 Hz, and Fig 9 shows the 
spectrum analyser noise floor at offsets greater than about 15 kHz from the 
carrier with the first and second comparison frequency breakthrough 
component being visible at 12.5 kHz and 25 kHz from the carrier 


respectively. 
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Figure 10 shows switching waveforms for a frequency jump of 10 MHz. The 
top trace (labelled CH1) is the I2C transfer to the UMA1014T; the second 
(CH2) is the VCO control line. The third trace (CH3) is the VCOA output 
showing the out-of-lock condition. The fourth trace (CH4) is the RF output 
of the VCO mixed down to 0 Hz with a signal generator at the destination 
frequency. The VCO output is coupled to the mixer via an amplifier with 
17 dB gain followed by a 10 dB attenuator. This is to provide isolation to 
the V-CO from the mixer. 


The mixer output trace shows that the switching time is 13 m seconds, 
which is a little longer than the VCO control line trace appears to show. 
This is because observation of the VCO control line is not accurate due to 
the very high VCO gain (13 MHz/ V). 


From Fig 10, we can see that the VCO control line has a single overshoot 
during switching; this shows that the loop is properly damped, so the phase 


margin is correct. 


To summarise the performance of the circuit in Fig 6: 


loop bandwidth 270 Hz 

close-in noise - 55 dBc/ Hz at 200 Hz from carrier 
VCO noise floor -113 dBc/ Hz at 25 kHz from carrier 
residual fm < 18 Hzrms, CCITT weighted 


comparison frequency breakthrough -65 dBc at 12.5 kHz 
- 82 dBc at 25 kHz 


typical switching time , < 13 m seconds for 10 MHz jump to 
within 1 kHz of the destination 
frequency 
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5. CONCLUSIONS 


Information regarding the use of the UMA1014T in a frequency synthesizer 
application has been presented. A methodology for determining the loop 
filter components has. been described since the switching and noise 
performance of the complete circuit depends on a good filter design. The 
layout of the PCAL1143-1 demonstration board has been shown as an 
examplé PCB layout. 
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Fig1 PLL Circuit Block Diagram 
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Fig2 Digital Phase Comparator Operation 
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Fig3 Crystal Oscillator Circuit Diagram 
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Fig4 RF Power Splitter Circuit Diagram 
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Fig5 Loop Filter Circuit Diagram 
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Fig? Board Layout for UMA1014T Frequency Synthesizer 
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FEATURES 


Two fully programmable RF dividers up to 1.1 GHz 


Fully programmable reference divider up to 35 MHz 


2:1o0r1:1 ratio of selectable reference frequencies 


Fast three-line serial bus interface 


Adjustable phase comparator gain ~« 


Programmable out-of-lock indication for both loops 


On-chip voltage doubler 


Low current-consumption from 3 V supply 


Separate power-down mode for each synthesizer 


Up to 4 open-drain output ports. 


APPLICATIONS 


¢ Cordless telephone 
¢ Hand-held mobile radio. 


QUICK REFERENCE DATA 


SYMBOL PARAMETER 









frea, fReB RF input frequency for each 
synthesizer 


crystal input frequency 


fret min) minimum phase 
comparator frequency 


maximum phase 
comparator frequency 


frefim ax) 


October 1994 









operating ambient 
temperature 


CONDITIONS 


digital supply voltage Vpp1 = Vpp2 


Voc | charge pump supply voltage | external supply; doubler 
disabled; Voo = Vpp 
Veocvd charge pump supply from doubler enabled 
voltage doubler 

Ippo1 + Ilppo2 | operating supply current both synthesizers ON; doubler 
+ loco disabled; Vpp1 = 5.5 V 

IpDipd + current in power-down doubler disabled; Vpp; = 5.5 V 
lpp2pa + |ccpa | Mode per supply 

IpD1pd current in power-down _ doubler enabled; Vpp; = 3 V 
mode from supply Vpp 


far = 50 to 1100 MHz; 
fyta, = 3 to 35 MHz 


far = 50 to 1100 MHz; 
fxtaL = 3 to 35 MHz 


synthesizer A 
2.6VsVpps5.5V 
synthesizer B 
26Vs Vpp <4.5V 


synthesizer B 
26VsVpp s5.0V 


GENERAL DESCRIPTION 


The UMA1015M is a low-power dual frequency 
synthesizer for radio communications which operates in 
the 50 to 1100 MHz frequency range. Each synthesizer 
consists of a fully programmable main divider, a phase and 
frequency detector and a charge pump. There is a fully 
programmable reference divider common to both 
synthesizers which operates up to 35 MHz. The device is 
programmed via a 3-wire serial bus which operates up to 
10 MHz. The charge pump currents (gains) are fixed by an 
external resistance at pin 20 (Isge7). The BiCMOS device is 
designed to operate from 2.6 (83 Ni-Cd cells) to 5.5 V at low 
current. The charge pump supply can be provided by 
external source or on-chip voltage doubler. Each 
synthesizer can be powered-down independently via the 
serial bus to save current. It is also possible to power-down 
the device via the HPD input (pin 5). 
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ORDERING INFORMATION 


PACKAGE 


TYPE NUMBER 
| | PINS | PIN POSITION MATERIAL CODE 










Ypp1 Ypp2  DGND AGND ISET 


2. 4-BIT SHIFT JL 17-BIT SHIFT 
Le: REGISTER REGISTER 


— ADDRESS . CONTROL LATCH 
DECODER @ OC OD ry 
power OOL current Port 


down select ratio bits 


i PHASE | | 
DETECTOR 


DETECTOR 


LOCK 
SELECT 


UMA1015M 


MKA407.3 


Fig.1 Block diagram. 
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PINNING 


charge-pump output synthesizer A | 


digital supply voltage 1 (2.6 to 5.5 V) 


RF input synthesizer A 
7 | digital ground 


from TCXO 


1 | programming bus clock input 


DATA programming bus data input 


18 | analog supply to charge pump; 
external or voltage doubler output 
(2.6 to 6.0 V) | 


Voc 


PO/OOL Port output 0/out-of-lock output 


regulator pin to set charge-pump 
currents 


FUNCTIONAL DESCRIPTION 
Main dividers 


Each synthesizer has a fully programmable 17-bit main 
divider. The RF input drives a pre-amplifier to provide the 
clock to the first divider bit. The pre-amplifier has a high 
input impedance, dominated by pin and pad capacitance. 
The circuit operates with signal levels from below 

50 mV (RMS) up to 250 mV (RMS), and at frequencies up 
to 1.1 GHz. The high frequency sections of the divider are 
implemented using bipolar transistors, while the slower 
section uses CMOS technology. The range of division 
ratios is 512 to 131071. | 
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ISET 
PO/OOL 
Vee 





MKA408.2 


Fig.2 Pin configuration. 


Reference divider . 


There is a common fully programmable 12-bit reference 
divider for the two synthesizers. The input fxtaiin drives a 
pre-amplifier to provide the clock input for the reference 
divider. This clock signal is also buffered and output on pin 
fxtaLo (open drain). An extra divide-by-2 block allows a 
reference comparison frequency for synthesizer B to be 
half that of synthesizer A. This feature is selectable using 
the program bit SR. If the programmed reference divider 
ratio is R then the ratio for each synthesizer is as given in 
Table 1. 
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The range for the division ratio R is 8 to 4095. Opposite 
edges of the divider output are used to drive the phase 
detectors to ensure that active edges arrive at the phase 
detectors of each synthesizer at different times. This 
minimizes the potential for interference between the 
charge pumps of each loop. The reference divider consists 
of CMOS devices operating beyond 35 MHz. 


Table 1 Synthesizer ratio of reference divider 


SYNTHESIZER A | SYNTHESIZER B 
ae; a Se; See 
a ee ee ee 


Phase comparators 











For each synthesizer, the outputs of the main and 
reference dividers drive a phase comparator where a 
charge pump produces phase error current pulses for 
integration in an external loop filter. The charge pump 
current is set by an external resistance Rggy at pin Ise7, 
where a temperature-independent voltage of 1.2 V is 
generated. Rsey7 should be between 12 kQ and 60 kQ (to 
give an Ige7 of 100 vA and 20 uA respectively). 

The charge-pump current, Icp, can be programmed to be 
either (12 x Igeq) or (24 x Isez) with the maximum being 
2.4 mA. The dead zone, caused by finite switching of 
current pulses, is cancelled by an internal delay in the 
phase detector thus giving improved linearity. The charge 
pump has a separate supply, Vcc, which helps to reduce 
the interference on the charge pump output from other 
parts of the circuit. Also, Vcc can be higher than Vpp; ifa 
wider range on the VCO input is required. 


Voltage doubler 


If required, there is a voltage doubler on-chip to supply the 
charge pumps at a higher level than the nominal available 
supply. The doubler operates from the digital supply Vpp3, 
and has a maximum output of 6 V. An external capacitor is 
required on pin Vcc for smoothing, the capacitor required 
to develop the extra voltage is integrated on-chip. To 
minimize the noise being introduced to the charge pump 
output from the voltage doubler, the doubler clock is 
suppressed (provided both loops are in-lock) for the short 
time that the charge pumps are active. The doubler clock 
(RF/64) is derived from whichever main divider is 
operating (synthesizer A has priority). While both 
synthesizers are powered down (and the doubler is 
enabled), the doubler clock is supplied by a low-current 
internal oscillator. The doubler can be disabled by 
programming the bit VDON to logic 0, in order to allow an 
external charge pump supply to be used. 
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Out-of-lock indication/output ports 


There is a lock detector on-chip for each synthesizer. The 
lock condition of each, or both loops, is output via an 
open-drain transistor which drives the pin PO/OOL (when 
out-of-lock, the transistor is turned on and therefore the 
output is forced LOW). The lock condition output is 
software selectable (see Table 4). An out-of-lock condition 
is flagged when the phase error is greater than Tgo,, the 
value of which is approximately equal to 80 cycles of the 
relevant RF input. The out-of-lock flag is only released 
after 8 consecutive reference cycles where the phase error 
is less than Too,. The out-of-lock function can be disabled, 
via the serial bus, and the pin PO/OOL can be used as an 
output port. Three other port outputs P1, P2 and P3 
(open-drain transistors) are also available. 


Serial programming bus | 


A simple 3-line unidirectional serial bus is used to program 
the circuit. The 3 lines are DATA, CLK and E (enable). The 
data sent to the device is loaded in bursts framed by E. 
Programming clock edges are ignored until E goes active 
LOW. The programmed information is loaded into the 
addressed latch when E returns inactive HIGH. This is 
allowed when CLK is in either state without causing any 
consequences to the register data. Only the last 21 bits 
serially clocked into the device are retained within the 
programming register. Additional leading bits are ignored, 
and no check is made on the number of clock pulses. The 
fully static CMOS design uses virtually no current when the 
bus is inactive. It can always capture new programming 
data even during power-down of both synthesizers. 


However when either synthesizer A or synthesizer B or 
both are powered-on, the presence of a TCXO signal is 
required at pin 8 (fytatin) for correct programming. 


Data format 


Data is entered with the most significant bit first. The 
leading bits make up the data field, while the trailing four 
bits are an address field. The address bits are decoded on 
the rising edge of E. This produces an internal load pulse 
to store the data in the addressed latch. To avoid 
erroneous divider ratios, the pulse is inhibited during the 
period when data is read by the frequency dividers. This 
condition is guaranteed by respecting a minimum E pulse 
width after data transfer. The data format and register bit 
allocations are shown in Table 2. 
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Table 5 Charge pump current ratio Power-down modes 


CRA/CRB CURRENT AT PUMP 











The device can be powered down via pin HPD (active 
LOW = power-down) or via the serial bus (bits SPDA and 
SPDB, logic 0 = power-down). When only one synthesizer 
is powered down, the functions common to both will be 
maintained. When both synthesizers are switched off, only 
Table 6 Reference division ratio the voltage doubler (if enabled) will remain active drawing 


. a reduced current. An internal oscillator will drive the 
ial ed BaUSe doubler in this situation. If both synthesizers have been in 
a: a power-down condition, then when one or both 
synthesizers are reactivated, the reference and main 


dividers restart in Such a way as to avoid large random 
phase errors at the phase comparator. 








LIMITING VALUES 


In accordance with the Absolute Maximum Rating System (IEC 134). 


Vpp1; Vpp2 DC range of digital power supply voltage with respect | —0O +6 
to DGND 
Vec 


DC charge pump supply voltage with respect to AGND 


3 
DC voltage at pins 1, 2, 5, 6, 8to 15, 19 and 20 with -0.3 '| Vpp1 + 0.3 
respect to DGND 
DC voltage at pins 3 and 17 with respect to AGND 
difference in voltage between AGND and DGND -0.3 +0.3 
(these pins should be connected together) : 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices. 


:0 
difference in voltage between Vcc and Vppi, Vpp2 
oS 
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CHARACTERISTICS | 
Vop1 = Vppe2 = 2.6 to 5.5 V; Voc = 2.6 to 6.0 V; Tamp = 25 °C; unless otherwise specified. 


[svwso. | ranawerer | cowommons [wm | 1ve [wax [uN 


Supply; (Vpp1; Vpp2 and Vcc) voltage doubler disabled, external supply on Vcc 


Woon Vooe | gal supaly votags 


total digital supply current | fytay = 12.8 MHz; 


from Vpp; and Vppe both synthesizers on; 
Vop1 = Vop2 =3 V 

IDDpda: 

IDDpab 












on 
o1 


= 3/;< 
> > 















fxtaL = 12.8 MHz; 12.5 
both synthesizers on; 
Vpp1 = Vpp2 = 5.5 V 

fyta, = 12.8 MHz; one 
synthesizer powered down; 


Vpp1 = Vpp2 = 3 V 


fyxtaL = 12.8 MHz; one 
synthesizer powered down; 
Vpp1 = Vppe2 = 5.5 V 


total digital supply current 
from Vpp, and Vpppe with 
one synthesizer in 





power-down mode mA 


ae 


“J 
ao 





IDDpd digital supply current in both synthesizers powered 
power-down mode down; Vupp = 0 V 
charge pump supply Vcc 2 Vpp 
voltage 
charge pump supply both synthesizers on and in 
current lock; fier = 12.5 KHz 


both synthesizers powered 
Voltage doubler enabled 


down 
total digital supply current | fyta, = 12.8 MHz; both 
from Vpp; and Vppe synthesizers on and in lock; 
fdoubler = 16 MHz 
total digital supply current | both synthesizers powered Pl 
in power-down mode from | down; Vpp; = 3 V; 
Vpp1 and Vpp2 Vupp = 0V 


Vecvd charge pump supply DC current drawn from 2Vpp1 — 1.2 | 2Vpp1 — 0.6 
voltage Voc = 50 WA 


NO 
ol 










on 


charge pump supply 
current in power-down 
mode 






= = = 








= 
> 


< 3 
> 


=k 
RO 


o 
a ae 
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[syaeoc[ —Paraweven | _conomons [wn | Te | wax [oir 


RF main divider input; RFA and RFB 


RF input signal voltage Reve 50:Q: 250 
(RMS value; AC coupled) | Vpp; = Vpp2 = 2.6 to 3.5 V; 
. | fre = 400 to 1100 MHz 
Ree 50-Q: 
Vpp1 = Vpp2 = 3.5 to 5.5 V; 
far = 400 to 1100 MHz 
Re= 50:62: 
Vop1 = Vpp2 = 2.6 to 5.5 V; 
fae = 50 to 400 MHz 


input impedance far = 1 GHz; 
(real part) indicative, not tested 


a 
input capacitance indicative, not tested fd 











fre 


























principle main divider ratio eee 


Reference divider input; fytain 


VXTALIN(tms) | Sinusoidal input voltage 
(RMS value) 


Z input impedance 
(real part) 








reference input frequency 
from crystal 










IX TALIN = 12.8 MHz; 


indicative, not tested 
indicative, not tested 















input capacitance 


| 
| 
reference divider ratio 


Charge pump current setting resistor input; Iser 


Charge pump outputs; CPA and CPB 


























charge pump sink or 
source current 


Rset = 15 kod: 
CRA/CRB = logic 1; 

lop = Iser x 24; 

Vep =0.4V to Voc -0.5V 
Rgetz = 15 kQ; 

CRA/CRB = logic 0; 

lop = Iset x 12; 

Vop = 0.4V tO Voc - 0.5 V 


charge pump off leakage | Vep = 0.5Vcc 5 +5 nA 
current 
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SYMBOL PARAMETER CONDITIONS | omin, [| TYP | MAX. | UNIT 


Port outputs/Out-of-lock; PO/OOL, P1, P2, P3 and fyta_o - open drain outputs 


- 
















VoL 


SERIAL TIMING CHARACTERISTICS 
Vpop1 = 3 V; Tamp = 25 °C unless otherwise specified. 


SYMBOL PARAMETER 


Serial programming clock; CLK 


input rise and fall times ans. 


tsu;DAT tuD:DAT tend tsu;t 


eo ie i ; fe oe 


! ADDRESS 
—_— 4 


tSTART tw 


MKA8O2 


Fig.3 Serial bus timing diagram. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


(1) Tamb = +85 2C. 
(2) Tgp $25 °C: 
(3) Tamb = -30 °C. 


Fig.4 Ipp as a function of Vpp with both synthesizers on and voltage doubler disabled. 


Vepa (V) 


Reger = 15 kQ; CRA = 1. 
(1) Veco =2.7 V. 
(2) Voc = 6.0 V. 


Fig.5 Charge pump current as a function of CPA voltage. 
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Rset = 15 kQ2; CRA = 1. 
(1) Tamb = +85 °C. 
(2) Tamb = +25 °C. 
(3) Tamp = -30 °C. 


VXTALIN 
(dBm) 





fref (MHz) 


fyctaLin externally terminated by 50 Q load; AC-coupled. 
(1) Vpp = 5.5 V. 
(2) Vop-= 2.7 NV. 


Fig.7 Reference input sensitivity as a function of input frequency. 
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VXTALIN 
(dBm) 


31 35 


fref (MHz) 
fyxTaLin externally terminated by 50 &2 load; AC-coupled. 
(1) Tamb = ~30 °C. 
(2) Tamb = +25 °C. 


Fig.8 Reference input sensitivity as a function of input frequency with Vpp = 5.5 V. 


RF input externally terminated by 50 92 load; AC-coupled. 
(1). Vop = 5:5 V. 
(2) Vpp = 2.7 V. 


Fig.9 RF input sensitivity as a function of input frequency. 
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RF input externally terminated by 50 2 load; AC-coupled. 
(1) Tamp = -30 °C. 
(2) Tamp = +25 °C. 
(3) Tamb = +85 °C. 


Fig.10 RF input sensitivity as a function of input frequency with Vpp = 5.5 V. 


(1) Tamb = -30 °C: 
(2) Tamb = +25 °C. 
(3) Tamb = +85 a Oe 


Fig.11 Typical charge pump supply voltage as a function of Vpp voltage with voltage doubler enabled. 
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(1) 68.316 Q -92.457 Qat 1.1 GHz 
(2) 85.914 Q -152.08 Q at 800 MHz. 
(3) 102.83 Q, -354.66 Q at 400 MHz. 
(4) 853.75 Q, -2.7735 kQ at 50 MHz. 


Fig.12 Input impedance as a function of input frequency; synthesizer A. 





| (1) 69.293 Q -78.027 Qat 1.1 GHz 
(2) 100.2 9, -148.37 Q at 800 MHz. 
(3) 128.22 Q -378.81 Q at 400 MHz 
(4) 674.25  -3.06 kQ at 50 MHz. _ 





Fig.13 Input impedance as a function of input frequency; synthesizer B. . 
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APPLICATION INFORMATION 


modulated 
POWER audio 
AMPLIFIER 


VOLTAGE 
SPLITTER CONTROLLED 
OSCILLATOR 


LOW-PASS 
FILTER 


TRANSMIT PLL 
959 MHz 


UMA1015M 


x MAIN = fi 
DIVIDER A PHASE 


COMPARATOR 
A 


REFERENCE 
FILTER DIVIDER 
PHASE 
: [ otiith » [ope 
B 


MAIN 
DIVIDER B 
914 MHz 


VOLTAGE 
SPLITTER CONTROLLED 
OSCILLATOR 


LOW-PASS 
FILTER 


LOW NOISE 


856 MHz 
AMPLIFIER ; 


1st IF AND REMAINDER OF 
RECEIVER cna demodulated 
audio 


ist MIXER 


Fig.14 Typical application block diagram. 
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Low-voltage frequency synthesizer for radiotelephones UMA1017M 
SSS Se aga ne 


FEATURES operate from 3 NiCd cells, in pocket phones, with low 
current and nominal 5 V supplies. 


Low current from 3 V supply 
The synthesizer operates at VCO input frequencies up to 


bg! 1.2 GHz. The synthesizer has a fully programmable 
3-line serial interface bus reference divider. All divider ratios are supplied via a 
Independent fully programmable reference divider, 3-wire serial programming bus. 

driven from external crystal oscillator: 


Fully programmable RF divider 


Separate power and ground pins are provided to the 


* Dual phase detector outputs to allow fast frequency analog and digital circuits. The ground leads should be 
switching externally short-circuited to prevent large currents flowing 
¢ Dual power-down modes. across the die and thus causing damage. Vpp; and Vpp2 


must also be at the same potential. Vcc may be higher 
than Vpp I.e€. Vpp = 3 V and Vcc = 5 V for wider tuning 


APPLICATIONS range. 


OO Ne MODIICTEIE NONE: The phase detector uses two charge pumps, one provides 


¢ Portable battery-powered radio equipment. | normal loop feedback, while the other is only active during 
| fast mode to speed-up switching. All charge pump currents 
(gain) are fixed by an external resistance at pin Iggy 

(pin 14). Only passive loop filters are used; the 

The UMA1017M BICMOS device integrates prescalers,a | charge-pumps function within a wide voltage compliance 
programmable divider, and phase comparator to range to improve the overall system performance. 
implement a phase-locked loop. The device is designed to 


GENERAL DESCRIPTION 


QUICK REFERENCE DATA 


rsyweou[_Paraweven + __—cONoTmONS | IN. 
ce too [supply ourent——SSSC—~sSSSSSS~—d 
Icceo loops | eurentin powerdown mode persuppy | ——SSSS«d id 

3 
-—30 









fuco __|inputtrequeney YS 
[baa oystal reference inputfequeney | ——SSSSSSCSC*dS 
fic [phase comparator requency —+| SSS 
Tao _[ operating ambient temperature | SS 


ORDERING INFORMATION 


PACKAGE 
TYPE NUMBER 


| NAME DESCRIPTION VERSION 
UMA1017M SSOP20 | plastic shrink small outline package; 20 leads; body width 4.4 mm SOT266-1 
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DECODER 


VYoD1 DGND1 Ypo2 


CONTROL LATCH 
V/ 


power lock current 
down select ratio 


REFERENCE DIVIDER 


DETECTOR 
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Fig.1 Block diagram. 
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PINNING 


DESCRIPTION ~ 
control input to speed-up main 
synthesizer 


reference frequency input from 
crystal oscillator UMA1017M 


| uKAses 


Fig.2 Pin configuration. 
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FUNCTIONAL DESCRIPTION 
General 


Programmable reference and main dividers drive the 
phase detector. Two charge pumps produce phase error 
current pulses for integration in an external loop filter. A 
hardwired power-down input PON (pin 9) ensures that the 
dividers and phase comparator circuits.can be disabled. 


The RFI input (pin 6) drives a pre-amplifier to provide the 
clock to the first divider stage. The pre-amplifier has a high 
input impedance, dominated by pin and pad capacitance. 
The circuit operates with signal levels from 50 mV up to” 
300 mV (RMS), and at frequencies as high as 1.2 GHz. 
The high frequency divider circuits use bipolar transistors, 
slower bits are CMOS. Divide ratios (512 to 131 071) allow 
a1 MHz phase comparison with the 500 MHz inputs, and 
a 10 kHz phase comparison at 1.2 GHz RF. | 


The reference and main divider outputs are connected to 
a phase/frequency detector that controls two charge 
pumps. The two pumps have a common bias-setting 
current that is set by an external resistance. The ratio 
between currents in fast and normal operating modes can 
be programmed via the 3-wire serial bus. The low current 
pump remains active except in power-down. The high 
current pump is enabled via the control input FAST (pin 1). 
By appropriate connection to the loop filter, dual bandwidth 
loops are provided: short time constant during frequency 
switching (FAST mode) to speed-up channel changes and 
low bandwidth in the settled state (on-frequency) to 
improve noise and breakthrough levels. 


The synthesizer speed-up charge pump (CPF) is 
controlled by the FAST input in synchronization with phase 
detector operation in such a way that potential 
disturbances are minimized. The dead zone (caused by 
finite time taken to switch the current sources on or off) is 
cancelled by feedback from the normal pump output to the 
phase detector providing improved linearity. 


An open drain transistor drives the output pin LOCK 

(pin 20). It is recommended that the pull-up resistor from 
this pin to Vpp is chosen to be of sufficient value to keep 
the sink current in the LOW state to below 400 vA. The 
output will be a current pulse with the duration of the 
selected phase error. By appropriate external filtering and 
threshold comparison an out-of-lock or an in-lock flag is 
generated. 


November 1994 


Preliminary specification 


UMA1017M 


Serial programming bus 


A simple 3-line unidirectional serial bus is used to program 
the circuit. The 3 lines are DATA, CLK and E (enable). The 
data sent to the device is loaded in bursts framed by E. 
Programming clock edges and their appropriate data bits 
are ignored until E goes active LOW. The programmed 
information is loaded into the addressed latch when E 
returns inactive HIGH. Only the last 21 bits serially clocked 
into the device are retained within the programming 
register. Additional leading bits are ignored, and no check 
is made on the number of clock pulses. The fully static 
CMOS design uses virtually no current when the bus is 
inactive. It can always capture new programmed data 
even during power-down. 


However when the synthesizer is powered-on, the 
presence of a TCXO signal is required at pin 8 (fx7,;) for 
correct programming. 


Data format 


Data is entered with the most significant bit first. The 
leading bits make up the data field, while the trailing four 
bits are an address field. The UMA1017M uses 4 of the 16 
available addresses. These are chosen to allow direct 
compatibility with the UAA2072M integrated front-end. The 
data format is shown in Table 1. The first entered bit is p1, 
the last bit is p21. 


The trailing address bits are decoded on the inactive edge 
of E. This produces an internal load pulse to store the data 
in one of the addressed latches. To avoid erroneous 
divider ratios, the pulse is not allowed during data reads by 
the frequency dividers. This condition is guaranteed by 
respecting a minimum E pulse width after data transfer. 
The corresponding relationship between data fields and 
addresses is given in Table 2. 


Power-down mode 


The power-down signal can be either hardware (POFF) or 
software (SPOFF). The dividers are on when both POFF 
and sPOFF are at logic 0. 


When the synthesizer is reactivated after power-down the 
main and reference dividers are synchronized to avoid 
possibility of random phase errors on power-up. 
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LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). | 


[svweor [——SSPARAMETER MIN [OMAK [UNIT 

AVenp 7 difference in voltage between AGND and DGND (these 
== | pins should be connected together) | 

Pit total powerdissipation, = = 5 

operating ambient temperature 

| maximum junction temperature Si S«*dSC*d 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices. 














mw 
—55 °C 
30 °C 
C 











THERMAL CHARACTERISTICS 


SYMBOL PARAMETER 


thermal resistance from junction to ambient in free air 
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CHARACTERISTICS 
All values refer to the typical measurement circuit of Fig.5; unless otherwise specified. 


SYMBOL PARAMETER | CONDITIONS | min. | TYP, | MAX. — UNIT 








Supply; pins 4, 5 and 18 | 


Yoo [ata supply wotags Vee an ee 
‘Ves [analog supply votage WecsVoo _ja7_|[- [ss ___ 


charge pumps analog supply Veco = 5.5 V; 0.4 10 m 
current Rage 12 ke 
basins oes in power-down mode per logic levels 0 or Vpp a 

supply 





o 
On 
© oO 
1 O1 
| < 





on 
co) 
= < 











eo) 
. 
<= 
ae 
N 


3 
< 









D.5< fyco < 1.1 GHz 


=) 
< 


Ae = 50:07; 





x 
~ 













RF main divider input; pin 6 
fyco VCO input frequency 2.7V<Vpp <4.5V Ea ee 
Ve(rms) AC-coupled input signal level Re = 50 0: 
(RMS value) 2.7V <Vpp < 3.5 V; 
0 = fyco < 1.2 GHz 
27V< Vopp 25.5 V; 
27V< Vop 2.5.5 V- 
50 < fyco < 500 MHz 
input impedance (real part) fyco = 1 GHz | a 
[eGriax maximum loop comparison - 
frequency 
fpcmin minimum loop comparison 
frequency 
Va(rms) sinusoidal input signal level 5 MHZ < fxtay < 40 MHz 
(RMS value) 3 MHz < frat < 40 MHz 
input impedance (real part) fxtaL = 30 MHz 
typical pin input capacitance indicative, not tested 
reference divisionratio | Sd 
Charge pump current setting resistor input; pin 14 | 
ese external resistor from pin 14 to 12 kQ 
ground 
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SYMBOL PARAMETER CONDITIONS | MIN, | TYP. | MAX. | UNIT 


Charge pump outputs; pins 3 and 2; Rex = 12 kQ 


lLep 


v charge pump vottage eomplance | _—~=S~«id «|= +d Veo 04 |V 


Interface logic input signal levels; pins 13, 12, 11 and 1 


Lock detect output signal; pin 20 (open-drain output) 





Ze) 
oO 
a 
pe) 
om 
ie) 
@ 
TD 
c 
3 
TC 
oO 
— 
O 
ped) 
=< 
pet) 
© 
14) 
.?) 
c 
= 
= 
4) 
=) 
= 
< 
iz) 
wT 
1 
n> 
< 
(2) 
oO 
F 
ol 
ri 
oh 
j 
Oo 
— 
> 





V 
V 
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SERIAL BUS TIMING CHARACTERISTICS 
Vpp = Veco = 3 V; Tamb = 25 °C unless otherwise specified. 


Psvweo. [paramere SSW TR | wax | ONT 


Serial programming clock; CLK 
he ——«dimputisetime——SSCS~—SsCSSSC~‘idIN'SC*=“‘“z’™CO™C*‘*d* NSCS 


00 
Enable programming; E 
0 
0 
0 















3 


Register serial input data; DATA 











Note 
1. The minimum pulse width (ty) can be smaller than 2 us provided all the following conditions are satisfied: 
a) Main divider input frequency fy oo > oe 
Ww 


= 3 
b) Reference dividers input frequency fy, > iy 


'SU;DAT 'HD;DAT tend tsu;E 


i i : i he 


ADDRESS 


SAN 


tSTART tw 


Fig.3 Serial bus timing diagram. 
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APPLICATION INFORMATION 


transmit 
data 


transmit mixer 


power 
amplifier 













PLL 


MAIN 
DIVIDER 
PHASE 
COMPARATOR 
TCXO REF ERENCE 


DIVIDER 






ce 


duplex 
filter 


ce 





low noise 
amplifier 


- i¢ Ce to demodulation igkags 
ist mixer 2nd mixer 


Fig.4 Typical application block diagram. 
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positive positive 
supply supply 
3.9 kQ 


eal UMA1017M J eo 


bs, 


values depend on application : 
100 
nF 


ie 


positive 18 9 
supply 


2 
3 
4 
5 
6 
7 
8 
9 


to first 


positive 
supply 


Fig.5 Typical test and application diagram. 
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FEATURES 


Low current from 3 V supply 


Fully programmable RF divider 
3-line serial interface bus 


Second synthesizer to control first IF or offset loop 
frequency 


Independent fully programmable reference dividers for 
each loop, driven from external crystal oscillator 


Dual phase detector outputs to allow fast frequency 
switching = 


Integrated digital-to-analog converter 


Dual power-down modes. 


APPLICATIONS 


¢ 900 MHz mobile telephones 
¢ Portable battery-powered radio equipment. 


GENERAL DESCRIPTION 


The UMA1018M BICMOS device integrates prescalers, 
programmable dividers, and phase comparators to 
implement two phase-locked loops. The device is 
designed to operate from 3 NiCd cells, in pocket phones, 
with low current and nominal 5 V supplies. 


QUICK REFERENCE DATA 


SYMBOL PARAMETER | 









principal and auxiliary synthesizer 
supply current 






locpp: Ipppp | current in power-down mode per supply 





auxiliary input frequency 
crystal reference input frequency 





operating ambient temperature 


November 1994 





Ves, Von | sunply voage 


loc + Ipp principal synthesizer supply current auxiliary synthesizer in 
power-down mode 
principal and auxiliary 
synthesizer ON 


Al 


principal phase comparator frequency | 





The principal synthesizer operates at VCO input 
frequencies up to1.2 GHz the auxiliary synthesizer 
operates at 300 MHz. The auxiliary loop is intended for the 
first IF or to transmit offset loop-frequency settings. Each 
synthesizer has a fully programmable reference divider. All 
divider ratios are supplied via a 3-wire serial 
programming bus. 


Separate power and ground pins are provided to the 
analog and digital circuits. The ground leads should be 
externally short-circuited to prevent large currents flowing 
across the die and thus causing damage. Vpp1 and Vpp2 
must also be at the same potential. Vcc may be higher 
than Vpp 1.e. Vpp = 3 V and Voc = 5 V for wider tuning 
range. 


The principal synthesizer phase detector uses two charge 
pumps, one provides normal loop feedback, while the 
other is only active during fast mode to speed-up 
switching. The auxiliary loop has a separate phase 
detector. All charge pump currents (gain) are fixed by an 
external resistance at pin Ise7 (pin 14). Only passive loop 
filters are used; the charge-pumps function within a wide 
voltage compliance range to improve the overall system 
performance. An on-chip 8-bit DAC enables adjustment of 
an external function, such as the temperature 
compensation of a crystal oscillator in Global System for 
Mobile communications (GSM). 





CONDITIONS 


2 
3 
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ORDERING INFORMATION 


PACKAGE 


TYPE NUMBER 


UMA1018M SSOP20 


BLOCK DIAGRAM 






DESCRIPTION VERSION 
SOT266-1 





plastic shrink small outline package; 20 leads; body width 4.4 mm | 


Vop1  DGND VYpp2 


4—BIT SHIFT J&L 17—BiT SHIFT REGISTER 
Ss ADDRESS CONTROL LATCH 
DECODER O e 
power lock current 
down select ratio 


PHASE 


i PRINCIPAL | DETECTOR 
i SYNTHESIZER 


LOCK SELECT 


PHASE 


: AUXILIARY DETECTOR 


SYNTHESIZER 


REFERENCE DIVIDER 


MKA6 18.3 


Fig.1 Block diagram. 
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PINNING 
SYMBOL | PIN | DESCRIPTION 
1 control input to speed-up main 
synthesizer 
2 | principal synthesizer speed-up 
charge-pump output 





charge-pump output 
4 


1 GHz principal synthesizer RF 
divider input 
digital ground 
common reference frequency input 
from crystal oscillator 
Fg | principal synthesizer power-on input 
8-bit digital-to-analog output 


serial clock input 
serial data input 


programming bus enable input 
(active LOW) 

regulator pin to set the charge-pump 
currents 


auxiliary synthesizer frequency input 
analog ground 


auxiliary synthesizer charge-pump 
output 


supply for charge- pump and DAC 
circuits 









auxiliary synthesizer power-on input 


in-lock detect output (main PLL); test 
mode output 


FUNCTIONAL DESCRIPTION 
Principal synthesizer 


Programmable reference and main dividers drive the 
principal PLL phase detector. Two charge pumps produce 
phase error current pulses for integration in an external 
loop filter. A hardwired power-down input PON (pin 9) 
ensures that the dividers and phase comparator circuits 
can be disabled. 


The PRI input (pin 6) drives a pre-amplifier to provide the 
clock to the first divider stage. The pre-amplifier has a high 
input impedance, dominated by pin and pad capacitance. 
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UMA1018M 


MKA619,2 


Fig.2 Pin configuration. 





The circuit operates with signal levels from 50 mV up to 
300 mV (RMS), and at frequencies as high as 1.2 GHz. 
The high frequency divider circuits use bipolar transistors, 
slower bits are CMOS. Divide ratios (512 to 131 071) allow 
a1 MHz phase comparison with the 500 MHz inputs, and 
a 10 kHz phase comparison at 1.2 GHz RF. 


The reference and main divider outputs are connected to 
a phase/frequency detector that controls two charge 
pumps. The two pumps have a common bias-setting 
current that is set by an external resistance. The ratio 
between currents in fast and normal operating modes can 
be programmed via the 3-wire serial bus. 
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The low current pump remains active except in 
power-down. The high current pump is enabled via the 
control input FAST (pin 1). By appropriate connection to 
the loop filter, dual bandwidth loops are provided: short 
time constant during frequency switching (FAST mode) to 
speed-up channel changes and low bandwidth in the 
settled state (on-frequency) to improve noise and 
breakthrough levels. “ 


The principal synthesizer speed-up charge pump (CPPF) 
is controlled by the FAST input in synchronization with 
phase detector operation in such a way that potential 
disturbances are minimized. The dead zone (caused by 
finite time taken to switch the current sources on or off) is 
cancelled by feedback from the normal pump output to the 
phase detector providing improved linearity. 


An open drain transistor drives the output pin LOCK 

(pin 20). It is recommended that the pull-up resistor from 
this pin to Vpp is chosen such that the value is high enough 
to keep the sink current in the LOW state below 400 uA. 
The circuit can be programmed to output either the phase 
error in the principal or auxiliary phase detectors or the 
combination from both detectors (OR function). The 
resultant output will be a current pulse with the duration of 
the selected phase error. By appropriate external filtering 
and threshold comparison an out-of-lock or an in-lock flag 
is generated. 


Auxiliary synthesizer 


The auxiliary synthesizer has a 14-bit main divider and an 
11-bit reference divider. A separate power-down input 
AON (pin 19), disables currents in the auxiliary dividers, 
phase detector, and charge pump. The auxiliary input 
signal is amplified and fed to the main divider. The input 
buffer presents a high impedance, dominated by pin and 
pad capacitance. First divider stages use bipolar 
technology operating at input frequencies up to 300 MHz; 
the slower bits are CMOS. The auxiliary loop phase 
detector and charge pump use similar circuits to the main 
loop low-current phase comparator, including dead-zone 
compensation feedback. 


The auxiliary reference divider is clocked on the opposite 
edge of the main reference divider to ensure that active 
edges arrive at the auxiliary and principal phase detectors 
at different times. This minimizes the potential for 
interference between the charge pumps of each loop. 


November 1994 


Serial programming bus 


A simple 3-line unidirectional serial bus is used to program 
the circuit. The 3 lines are DATA, CLK and E (enable). The 
data sent to the device is loaded in bursts framed by E. 
Programming clock edges and their appropriate data bits 
are ignored until E goes active LOW. The programmed 
information is loaded into the addressed latch when E 
returns inactive HIGH. Only the last 21 bits serially clocked 
into the device are retained within the programming 
register. Additional leading bits are ignored, and no check 
is made onthe number of clock pulses. The fully static 
CMOS design uses virtually no current when the bus is 


- inactive. It can always capture new programmed data 


937 


even during power-down of main and auxiliary loops. 


However when either principal synthesizer or auxiliary 
synthesizer or both are powered-on, the presence of a 
TCXO signal is required at pin 8 (fyta;) for correct 
programming. 


Data format 


Data is entered with the most significant bit first. The 
leading bits make up the data field, while the trailing four 
bits are an address field. The UMA1018M uses 6 of the 16 
available addresses. These are chosen to allow direct 
compatibility with the UAA2072M integrated front-end. The 
data format is shown in Table 1. The first entered bit is p1, 
the last bit is p21. 


The trailing address bits are decoded on the inactive edge 
of E. This produces an internal load pulse to store the data 
in one of the addressed latches. To avoid erroneous 
divider ratios, the pulse is not allowed during data reads by 
the frequency dividers. This condition is guaranteed by 
respecting a minimum E pulse width after data transfer. 
The corresponding relationship between data fields and 
addresses is given in Table 2. 
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Table 4 Fast and normal charge pumps current ratio (note 1) 


IcPA Icpp lcPPF Icppr : Icpp 
Lae] : : 
















1. Igey = a ; common bias current for charge pumps and DAC. 
ex 


PRINCIPAL | AUXILIARY | Pump | PUMP | PUMP | ‘ 
DIVIDERS | DIVIDERS Ghee | oer Bi 


Table 5 Power-down modes 








ee ee ear ee 
pa fo [| oN | off | or | on | ofr [ON 
i [0 | x [| ofr | on | on [| of | ofr [ON 
to} a fo | oN fF oN TN TN or TT 
pot | ON FONT ON | ON | ON TNT 
Digital-to-analog converter Power-down modes 
The byte loaded via the bus into the appropriate latch The action of the control inputs on the state of internal 


drives a digital-to-analog converter. The internal currentis blocks is defined by Table 5. 
scaled by the external resistance (Rx) at pin Ise7, similar 
to the charge pumps. The nominal full-scale current is 

4 x Iger. The output current is mirrored to produce a 
full-scale voltage into a user-defined ground referenced 
resistance, thereby allowing optimum swing from power 


Note that in Table 5 PON and AON can be either the 
software or hardware power-down signals. The dividers 
are ON when both hardware and software power-down 
signals are at logic 1. 


supply rails within the 2.7 to 5.5 V limits. The band gap When either synthesizer is reactivated after power-down 
reference voltage at pin Iggy is temperature and supply the main and reference dividers of that synthesizer are 
independent. The DAC signal is monotonic across the full © synchronized to avoid the possibility of random phase 
range of digital input codes to enable fine adjustment of =~ errors on power-up. 


other system blocks. The typical settling time for full-scale 
switching is 400 ns into a 12 kQ // 20 pF load. DAC 
functionality is neither tested nor guaranteed on the 
UMA1018M/C1/S1 version. 
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LIMITING VALUES | 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER | MIN, =| MAX. UNIT 
oo [aaa supa veto 
CoCo 












AVeanp : 










~. | (these pins should be connected together) 

Pe [total powerdissipation ———SSSSC*dSSCS*~«*dS* 

cs 
| 30 C 

°G 


Tanit operating ambient temperature : 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices. 





THERMAL CHARACTERISTICS | 


SYMBOL PARAMETER | VALUE UNIT 





thermal resistance from junction to ambient in free air 


as 
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CHARACTERISTICS 
Ail values refer to the typical measurement circuit of Fig.5; unless otherwise specified. 


smo. [__rapaweren | covomons [wm [ve | wax [uw 









wpe pins 4,5 and 18 


digital supply voltage Vpop1 = Vpp2 
analog supply voltage .« Vec 2 Vpp 


principal synthesizer digital Vop=0.0V 
Supply current 


auxiliary synthesizer digital supply | Vpp = 5.5 V 
current 


charge pumps and DAC analog | Ms = 5.5 V; 
supply current (DAC setting FFH) | Reg = 12 kQ 


locpp, Ipppp | Current in power-down mode per _ | logic levels 0 or Vpp 
supply 


| RF principal main divider input; pin 6 


fyco VCO input frequency 2.7V <Vpp<4.5V 
27V< Vop <5.5V 
Vecrms) AC-coupled input signal level Re= 50 ©: 
(RMS value) 2.7V <Vpp < 3.5 V; 
0.5 < fyco < 1 .2 GHz 
R, = 50 Q:; 
27V< Vpp 3.0 V; 
0.5 < fyco < 1. 1 GHz 
R, = 50 Q: 
21V< Vop O20: V; 
50 < fyco < 500 MHz 


input impedance (real part) fyco = 1 GHz 
typical pin input capacitance indicative, not tested 
principal main divider ratio 


fppcmax maximum principal loop 
comparison frequency 

fppcmin minimum principal loop 
comparison frequency 

— loop main divider input; pin 15 


input frequency 


AC-coupled input signal level 
(RMS value) 





S 





> 





oO 





MH 
MH 


1200 
1100 


NTN 


ory On 
on] oO 


oA 
= = = 
















= 






131071 
2000 


kH 





Hh 








MH 


N 






2 


Zo} 
ge = 


Rea 50°Q: 
24 V<aVop.<=35 Vv 
Ree 50'0); 
35 VV < Vpp<o:5 V 


ae] input impedance (real part) fa; = 100 MHz 
ei | WPS pin ae Pepe eve indicative, not tested 


= 










§3 





163 
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; UNIT 
k 


SYMBOL PARAMETER CONDITIONS | MIN. | TYP. | 
fapcmax maximum auxiliary loop 2000 
comparison frequency 
faPpcmin minimum auxiliary loop 
comparison frequency 
Dual synthesizer reference divider input; pin 8 


| fx TAL input frequency range from crystal i 2, 


Vawms) sinusoidal input signal level 5 MHz <fxtar<40MHz|{50 = |- 
Zy ifiput impedance (real part) fyta, = 30 MHz [- [2 | 
C typical pin input capacitance indicative, not tested a 





kH 


N N 





Hi 
N 


x 


M 
kQ 


ko 
= 
Ls 


MAX 
40 
500 
500 


< 






2047 
2047 


Ror principal reference division ratio Poo 
Rag auxiliary reference division ratio | 


Charge pump current setting resistor input; pin 14 


Rass external resistor from pin 14 to 12 
ground 
V44 regulated voltage at pin 14 Rext = 12 kQ Ee 4 


Charge pump outputs; pins 17, 3 and 2; Reg = 12 kQ 


Vp [eharge pump votage compianee | _—=SSSC=«id 


Interface logic input signal levels; pins 13, 12, 11 and 1 ~ 


DAC output signal levels; pin 10, Reg = 12 kQ 


Ipbac DAC full scale output current | 
Vio output voltage compliance 


eee worst case monotonicity test note 1 On 
Al x 256/400 pA 







kQ 





10 

2 

2 

1.15 V 

ee 

Fae 
Voc — O. 


[= Yoo 0.4 


% : 
% 
nA 

V 


a7 | 
TT xo} 


Tle 





+5 
mA 
= |Vop 04 


< 








Lock detect output signal; pin 20 open-drain output 


Note 
1. Alis the change in DAC output current when making the code transitions: 7—FH/80H, 3FH/40H or 1FH/20H. 


V 
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SERIAL BUS TIMING CHARACTERISTICS 
Vop = Vcc = 3 V; Tamb = 25 °C unless otherwise specified. 


Serial programming clock; CLK 7 
i —«iimputrisetime —SC*dSSCS*~*NSCSC*C“‘*qSN’SCON™C*S 
ty _—inputfalltime Cae 

0 






delay to rising clock edge 4000 T= 
leno ___[elaytrom lastfaling ciockedge——SSS«-20Si[- SC SSSCid SS 
tw | minimum inactive pulse width ———~—=~S~=i BOOM) [= 
‘isuz [enable setuptimetonextctockedge——«dtaos|- 


Note 
1. The minimum pulse width (ty) can be smaller than 2 us provided all the following conditions are satisfied: 


a) Principal main divider input frequency fyoo > oe 
Ww 











b) Auxiliary main divider input frequency f,, > se 
Ww 


sa ; 3 
c) Reference dividers input frequency fy+,, > iy 


'SU;DAT tHD:DAT teND tsu-E 


— <8 - 4 i ie 


ADDRESS 


tSTART tw 


Fig.3 Serial bus timing diagram. 
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APPLICATION INFORMATION 
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Fig.4 Typical application block diagram. 
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Low-voltage frequency synthesizer for radio telephones 


FEATURES 


Low current from 3 V supply 


Fully programmable RF divider 


3-line serial interface bus 


Independent fully programmable reference divider, 
driven from external crystal oscillator 


Dual phase detector outputs to allow fast frequency 
switching 


Dual power-down modes. 


te, 


APPLICATIONS 


¢ 1 to 1.7 GHz mobile telephones 
¢ Portable battery-powered radio equipment. 


GENERAL DESCRIPTION 


The UMA1019AM BICMOS device integrates prescalers, 
a programmable divider, and phase comparator to 
implement a phase-locked loop. The device is designed to 


QUICK REFERENCE DATA 


SYMBOL 


PARAMETER 


Ves. Von | ply votiage 


lcocpp, lpppp | Current in power-down mode per supply 
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UMA1019AM 


operate from 3 NiCd cells, in pocket phones, with low 
current and nominal 5 V supplies. 


The synthesizer operates at VCO input frequencies up to 
1.7 GHz. The synthesizer has a fully programmable 
reference divider. All divider ratios are supplied via a 
3-wire serial programming bus. 


Separate power and ground pins are provided to the 
analog and digital circuits. The ground leads should be 
externally short-circuited to prevent large currents flowing 
across the die and thus causing damage. Vpp, and Vpp2 
must also be at the same potential. Voc may be higher 
than Vpp i.e. Vpp = 3 V and Vcc = 5 V for wider tuning 
range. 


The phase detector uses two charge pumps, one provides 
normal loop feedback, while the other is only active during 
fast mode to speed-up switching. All charge pump currents 
(gain) are fixed by an external resistance at pin Iggy 

(pin 14). Only passive loop filters are used; the 
charge-pumps function within a wide voltage compliance 
range to improve the overall system performance. 


CONDITIONS 
Ea al 
9.4 [mA 
a ee 


fvco input frequency S| ~SSSSSSS~*di 000 “| 1500 | 1700 He 


lcc*loo [supp eurent SSS 
eee: an, 
3 


operating ambient temperature 


ORDERING INFORMATION 


TYPE NUMBER 





[MHz 


9.4 
12 
200 


Pn [ve [wa 
acess 
40 
i 
+85 


Wa V 
mA 
uA 
MHz 
MHz 
fra 
ao [= as ro 


PACKAGE 


| NAME DESCRIPTION VERSION 





UMA1019AM SSOP20 | plastic shrink small outline package; 20 leads; body width 4.4 mm | SOT266-1 
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BLOCK DIAGRAM 
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Fig.1 Block diagram. 
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PINNING 
SYMBOL DESCRIPTION 
FAST 1 control input to speed-up main 
synthesizer 













[igial power supply 1 
: 


digital power supply 2 
1 GHz RF divider input 


digital power supply 1 
DGND1 7 | digital ground 1 


reference frequency input from 


fXTAL 


PF 
i 
Fl 
crystal oscillator 
POFF 
0 
C. 
.C, 
ce 


power-down input 


serial clock input 
serial data input 


programming bus enable input 
(active LOW) 


regulator pin to set the charge-pump 
currents 


1 


Ei 


NO 


n 
: 
E 


| 


w 







IseT 





not connected 


20 | in-lock detect output; test mode 
| output 


C 


LOCK 


=/of/ w/o} ou —_ 
OlaoOl NN]; Oa! ao f 
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MKAS06 


Fig.2 Pin configuration. 
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FUNCTIONAL DESCRIPTION 
General 


Programmable reference and main dividers drive the 
phase detector. Two charge pumps produce phase error 
current pulses for integration in an external loop filter. A 
hardwired power-down input POFF (pin 9) ensures that 
the dividers and phase comparator circuits can be 
disabled. 


The RFI input (pin 6) drives a pre-amplifier to provide the 
clock to the first divider stage. The pre-amplifier has a high 
input impedance, dominated by pin and pad capacitance. 
The circuit operates with signal levels from 100 mV up to 
500 mV (RMS), and at frequencies as high as 1.7 GHz. 
The high frequency divider circuits use bipolar transistors, 
slower bits are CMOS. Divide ratios (512 to 131 071) allow 
up to 2 MHz phase comparison frequency. 


The reference and main divider outputs are connected to 
a phase/frequency detector that controls two charge 
pumps. The two pumps have a common bias-setting 
current that is set by an external resistance. The ratio 
between currents in fast and normal operating modes can 
be programmed via the 3-wire serial bus. The low current 
pump remains active except in power-down. The high 

_ current pump is enabled via the control input FAST (pin 1). 


By appropriate connection to the loop filter, dual bandwidth — 


loops are provided: short time constant during frequency 
switching (FAST mode) to speed-up channel changes and 
low bandwidth in the settled state (on-frequency) to 
improve noise and breakthrough levels. 


The synthesizer speed-up charge pump (CPF) is 
controlled by the FAST input in synchronization with phase 
detector operation in such a way that potential 
disturbances are minimized. The dead zone (caused by 
finite time taken to switch the current sources on or off) is 
cancelled by feedback from the normal pump output to the 
phase detector providing improved linearity. 


An open drain transistor drives the output pin LOCK 

(pin 20). It is recommended that the pull-up resistor from 
this pin to Vpp is chosen to be of sufficient value to keep 
the sink current in the LOW state to below 400 vA. The 
output will be a current pulse with the duration of the 
selected phase error. By appropriate external filtering and 
threshold comparison an out-of-lock or an in-lock flag is 
generated. 
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Serial programming bus 


A simple 3-line unidirectional serial bus is used to program 
the circuit. The 3 lines are DATA, CLK and E (enable). The 
data sent to the device is loaded in bursts framed by E. 
Programming clock edges and their appropriate data bits 
are ignored until E goes active LOW. The programmed 
information is loaded into the addressed latch when E 
returns inactive HIGH. Only the last 21 bits serially clocked 
into the device are retained within the programming 
register. Additional leading bits are ignored, and‘no check — 
is made on the number of clock pulses. The fully static 
CMOS design uses virtually no current when the bus is 
inactive. It can always capture new programmed data 
even during power-down. 


However when the synthesizer is powered-on, the 
presence of a TCXO signal is required at pin 8 (fxz,a,) for 
correct programming. 


Data format 


Data is entered with the most significant bit first. The 
leading bits make up the data field, while the trailing four 
bits are an address field. The UMA1019AM uses 4 of the 
16 available addresses. The data format is shown in 
Table 1. The first entered bit is p1, the last bit is p21. 


The trailing address bits are decoded on the inactive edge 
of E. This produces an internal load pulse to store the data 
in one of the addressed latches. To avoid erroneous 
divider ratios, the pulsé is not allowed during data reads by 
the frequency dividers. This condition is guaranteed by 
respecting a minimum E pulse width after data transfer. 
The corresponding relationship between data fields and 
addresses is given in Table 2. - 


Power-down mode 


The power-down signal can be either hardware (POFF) or 
software (SPOFF). The dividers are on when both POFF 
and sPOFF are at logic 0. 


When the synthesizer is reactivated after power-down the 
main and reference dividers are synchronized to avoid 
possibility of random phase errors on power-up. 
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LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


[sywet_ | ——=SPARAWETER |WIN 












voltage at pins 1, 6, 6, 9, 11 to 14 and 20 


i 
~__-| (these pins should be connected together) 

Pox [total power issipation = «dis 

[maximum junction temperature | Sid BC*dC 


HANDLING 











Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices. 


THERMAL CHARACTERISTICS 


SYMBOL PARAMETER VALUE UNIT 
thermal resistance from junction to ambient in free air 


oe 
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CHARACTERISTICS 
All values refer to the typical measurement circuit of Fig.5; unless otherwise specified. 


SYMBOL PARAMETER CONDITIONS | min. | TYP, | MAX. — UNIT 
Supply; pins 4, 5 and 18 
Yoo [dal supp van a a a aa 
Vee [analog suppy wage | Voc sVop [27 [=v 
loc 





5 





synthesizer digital supply current | Vpp = 5.5 V er 
charge pumps analog supply Voc = 5.5 V; 0.4 1.0 m 
current | Rext =12 kQ 
locpp, Ipppp [eurrent in power-down mode per _| logic levels 0 or Vpp a 
supply 









RF main divider input; pin 6 


fyco VCO input frequency Po ee 1000 1700 MHz 


Ve(rms) AC-coupled input signal level R, = 50 Q 100 
(RMS value) 







Z 
C 


input impedance (real part) fyco = 2 GHz 
typical pin input capacitance indicative, not tested 


fpémax maximum loop comparison 
frequency 


frequency 


Synthesizer reference divider input; pin 8 





= 
< 


a 


Ve(rms) sinusoidal input signal level 5 MHz < fyxtay < 40 MHz 
(RMS value) 3 MHz < fytay, < 40 MHz 
input impedance (real part) fxtat = 30 MHz =~ | 


3 
< 


[500 
[500 
anal 


> 
fc 







TC 


Z| 
C typical pin input capacitance indicative, not tested 
FR, reference division ratio Ie oe es 


Charge pump current setting resistor input; pin 14 


Rext external resistor from pin 14 to 
ground 
regulated voltage at pin 14 Rext = 12 kQ 


Charge pump outputs; pins 3 and 2; Rey = 12 kQ 


charge pump ouput current evor | 















512 

an . us 
12 
-25 
5 
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SYMBOL PARAMETER CONDITIONS | MIN. | TYP. | MAX. — UNIT 


Interface logic input signal levels; pins 13, 12, 11 and 1 

: [HIGH Tevelinput votage | —SSS~S~S [<0 OSV 
f [LOW evelinputvotage | SSC~«~O «dV 
c aoe oe 


Lock detect output signal; pin 20 (open-drain output) 






V 
V 
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SERIAL BUS TIMING CHARACTERISTICS 
Vop = Vcc = 3 V; Tamb = 25 °C unless otherwise specified. 


: 
input fall time . 
clock period 


Enable programming; E 


enable set-up time to next clock edge 


Register serial input data; DATA 


input data to clock set-up time 20 
input data to clock hold time 20 





Note 
1. The minimum pulse width (ty) can be smaller than 2 us provided all the following conditions are satisfied: 
a) Main divider input frequency fy, > S12 
PHRASE AICS -. 


3 3 
b) Reference dividers input frequency f+.) > = 


'SU;DAT tHD;DAT tend tsu:& 


- <— 3 ‘ se 


ADDRESS 


enasee (Wp 


tSTART tw 


MKA802 


Fig.3 Serial bus timing diagram. 
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APPLICATION INFORMATION 
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Fig.4 Typical application block diagram. 
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Fig.5 Typical test and application diagram. 
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Low-voltage dual frequency synthesizer for radio UMA1019M 


telephones 
ee SSS SE —— ee 


FEATURES operate from 3 NiCd cells, in pocket phones, with low 
current and nominal 5 V supplies. 


Low current from 3 V supply 
The synthesizer operates at VCO input frequencies up to 


; Date 2.4 GHz. The synthesizer has a fully programmable 
3-line serial interface bus reference divider. All divider ratios are supplied via a 
Independent fully programmable reference divider, 3-wire serial programming bus. 

driven from external crystal oscillator 


Fully programmable RF divider 


Separate power and ground pins are provided to the 


* Dual phase detector outputs to allow fast frequency analog and digital circuits. The ground leads should be 
switching externally short-circuited to prevent large currents flowing 
¢ Dual power-down modes. across the die and thus causing damage. Vpp, and Vppe 


mm 


APPLICATIONS 


° 2 GHz mobile telephones The phase detector uses two charge pumps, one provides 
¢ Portable battery-powered radio equipment. normal loop feedback, while the other is only active during 
_ fast mode to speed-up switching. All charge pump currents 
(gain) are fixed by an external resistance at pin Igey 
(pin 14). Only passive loop filters are used; the 
The UMA1019M BICMOS device integrates prescalers,a — charge-pumps function within a wide voltage compliance 
programmable divider, and phase comparator to range to improve the overall system performance. 
implement a phase-locked loop. The device is designed to | 


must also be at the same potential. Vcc may be higher 
than Vpp L.e. Vpp = 3 V and Vcc = 5 V for wider tuning 
range. : 


GENERAL DESCRIPTION 


QUICK REFERENCE DATA 


-srmeoc[__PaRaweTeR ‘| _GONDmONS | MN 
lcc+loo _[suppyeuren———SSS~—~SS id 
coro. lore _[eurent in power-down mode persuppy| i 
fvco___finputtrequency «| SSS~«*d 
: oo 
= 
.. 4 









Ea 

1900 

ea! 
00 







1900 | 2400 


crystal reference input frequency ee | 
phase comparator frequency [200 
operating ambient temperature om Sa 


ORDERING INFORMATION 





PACKAGE 


TYPE NUMBER 
DESCRIPTION VERSION 
UMA1019M SSOP20 | plastic shrink small outline package; 20 leads; body width 4.4 mm SOT266-1 
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BLOCK DIAGRAM 


Voo1  DGND1 Ypo2 Vpp3.—s nc. nic. mc. YCC 


Eo] worse |_ 17-BIT SHIFT REGISTER 
* CONTROL LATCH 


ADDRESS 
DECODER 

power lock current 
down select ratio 


DETECTOR 


REFERENCE DIVIDER 


UMA1019M LOCK SELECT 





MKA896 


Fig.1 Block diagram. 
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PINNING 


SYMBOL | PIN | DESCRIPTION | 
FAST 1 control input to speed-up main 
synthesizer 


C 2 | speed-up charge-pump output 
3 | normal charge-pump output | 
4 
















Voppe2 5 | digital power supply 2 
REL 1 GHz RF divider input 
DGND1 digital ground 1 


fytaL reference frequency input from 
crystal oscillator 


corre 
ie 

Voor [4 [data power supp 
Voce | 5 

Cc, 

LK 

E 

aon 

.C. 

cc 








finer fl 
(active LOW) 
currents 


LOCK 20 | in-lock detect output; test mode 
| output 


2 
3 
5 
6 
= 
<) 
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FAST 
CPF 
cP 
VDD 1 
Vpb2 
RF | 
DGND 1 
IXTAL 
POFF 


n.c. 
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Lock 
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VEG 
n.c, 
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Fig.2 Pin configuration. 
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FUNCTIONAL DESCRIPTION 
General 


Programmable reference and main dividers drive the 
phase detector. Two charge pumps produce phase error 
current pulses for integration in an external loop filter. A 
hardwired power-down input POFF (pin 9) ensures that 
the dividers and phase comparator circuits can be 
disabled. 


The RFI input (pin 6) drives a pre-amplifier to provide the 
clock to the first divider stage. The pre-amplifier has a high 
input impedance, dominated by pin and pad capacitance. 
The circuit operates with signal levels from 60 mV up to 
180 mV (RMS), and at frequencies as high as 2.4 GHz. 
The high frequency divider circuits use bipolar transistors, 
slower bits are CMOS. Divide ratios (512 to 131 071) allow 
a 2 MHz phase comparison frequency. 


The reference and main divider outputs are connected to 
a phase/frequency detector that controls two charge 
pumps. The two pumps have a common bias-setting 
current that is set by an external resistance. The ratio 
between currents in fast and normal operating modes can 
be programmed via the 3-wire serial bus. The low current 
pump remains active except in power-down. The high 
current pump is enabled via the control input FAST (pin 1). 
By appropriate connection to the loop filter, dual bandwidth 
loops are provided: short time constant during frequency 
switching (FAST made) to speed-up channel changes and 
low bandwidth in the settled state (on-frequency) to 
improve noise and breakthrough levels. 


The synthesizer speed-up charge pump (CPF) is 
controlled by the FAST input in synchronization with phase 
detector operation in such a way that potential 
disturbances are minimized. The dead zone (caused by 
finite time taken to switch the current sources on or off) is 
cancelled by feedback from the normal pump output to the 
phase detector providing improved linearity. 


An open drain transistor drives the output pin LOCK 

(pin 20). It is recommended that the pull-up resistor from 
this pin to Vpp is chosen to be of sufficient value to keep 
the sink current in the LOW state to below 400 vA. The 
output will be a current pulse with the duration of the 
selected phase error. By appropriate external filtering and 
threshold comparison an out-of-lock or an in-lock flag is 
generated. 
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Serial programming bus 


A simple 3-line unidirectional serial bus is used to program 
the circuit. The 3 lines are DATA, CLK and E (enable). The 
data sent to the device is loaded in bursts framed by E. 
Programming clock edges and their appropriate data bits 
are ignored until E goes active LOW. The programmed 
information is loaded into the addressed latch when E 
returns inactive HIGH. Only the last 21 bits serially clocked 
into the device are retained within the programming 
register. Additional leading bits are ignored, and no check 
is made on the number of clock pulses. The fully static 
CMOS design uses virtually no.current when the bus is 
inactive. It can always capture new programmed data 
even during power-down. 


However when the synthesizer is powered-on, the | 
presence of a TCXO signal is required at pin 8 (fx7,,) for 
correct programming. | 


Data format 


Data is entered with the most significant bit first. The 
leading bits make up the data field, while the trailing four 
bits are an address field. The UMA1019M uses 4 of the 16 
available addresses. The data format is shown in Table 1. 
The first entered bit is p1, the last bit is p21. 


The trailing address bits are decoded on the inactive edge 
of E. This produces an internal load pulse to store the data 
in one of the addressed latches. To avoid erroneous 
divider ratios, the pulses not allowed during data reads by 
the frequency dividers. This condition is guaranteed by 
respecting a minimum E pulse width after data transfer. 
The corresponding relationship between data fields and 
addresses is given in Table 2. 


Power-down mode 


The power-down signal can be either hardware (POFF) or 
software (SPOFF). The dividers are on when both POFF 
and sPOFF are at logic 0. 


When the synthesizer is reactivated after power-down the 
main and reference dividers are synchronized to avoid 
possibility of random phase errors on power-up. 


UMA1019M 
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LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 











-0.3 +0.3 
(these pins should be connected together) 


ee ee 
storage temperature 
30 


Tap operating ambient temperature 
maximum junction temperature eee) ||: See? 0 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices. 







difference in voltage between AGND and DGND 















mw 
°C | 
°C 

C 





THERMAL CHARACTERISTICS 





SYMBOL PARAMETER VALUE | UNIT 
thermal resistance from junction to ambient in free air 
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All values refer to the typical measurement circuit of Fig.5; unless otherwise specified. 


SYMBOL PARAMETER : 


Supply; pins 4, 5 and 18 


DD digital supply voltage 


C analog supply voltage 


DD synthesizer digital supply current 


charge pumps analog supply 
current 


Cc 


current in power-down mode per 
supply 
RF main divider input; pin 6 


lecpp, Ipppp~ 


E \ f ; ' 
oO | O 


VCO input frequency 


Veo 





Ve(ms) AC-coupled input signal level 
| | (RMS value) 

Zs input impedance (real part) | 

C typical pin input capacitance 

Ain main divider ratio 

fecomax maximum loop comparison 


frequency 


minimum loop comparison 
frequency 


fpcmin 


Synthesizer reference divider input; pin 8 


fxtAL input frequency range from crystal 





sinusoidal input signal level 
(RMS value) 


V3(rm s) 


| Z; input impedance (real part) 
C | typical pin input capacitance 
reference division ratio 
Charge pump current setting resistor input; pi 
Raw external resistor from pin 14 to 


ground 


V44 regulated voltage at pin 14 












Vani Vsnee Vane 2.7 2 5.5 V 

Vee Von 27 | ss | 5.5 
Ven@ 55 V | 

Veco = 5.5 V; 

Rex =12 kQ 





logic levels 0 or Vpp 





o 


| 1.63 < fico < 2 GHz 





Re 50 0) 

| 1.65 < fyco < 2.4 GHz 
fyco = 2 GHz 
indicative, not tested 


kHz 


kHz 


MHz 


| ie 


| fxtaL = 30 MHz 


indicative, not tested 


ni4 





Charge pump outputs; pins 3 and 2; Re = 12 kQ 


locp charge pump output current error 


Imatch 


lLep 
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sink-to-source Current matching 


charge pump off leakage current [Vop= Veeco Cd 
charge pump voltage compliance 


Reed ko 

CO —25 - +25 % 
Vop in range = | +5 = % 
V -5 +1 +5 nA 
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SYMBOL 


/—anaweten | _conomons | wn [we [| wax [ont 


Interface logic input signal levels; pins 13, 12, 11 and 1 
V HIGH level input voltage 
V 


LOW tevel input voltage CC SC~CS 8B 
Ibias input bias current logic 1 or logic O 
C input capacitance - indicative, not tested - | 2 iia 


Lock detect output signal; pin 20 (open-drain output) 


Teme 04mA 













IH 
IL 
| 


o 
io) 
< 
s) 
is) 








LOW level output voltage 
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SERIAL BUS TIMING CHARACTERISTICS 
Vop = Vcc = 3 V; Tamb = 25 °C unless otherwise specified. 


SYMBOL PARAMETER MIN. TYP. MAX. 
Serial programming clock; CLK a. 
th | input fail time 


Tey clock period 100 = 


| Enable programming; E 


tenn | delay from last falling clock edge —20 ef 










tw | minimum inactive pulse width 


tsuE 


Register serial input data; DATA 


Note 
1. The minimum pulse width (tw) can be smaller than 2 us provided all the following conditions are satisfied: 


enable set-up time to next clock edge 


a) Main divider input frequency ; n 912 
veo* 47 


ai 3 
b) Reference dividers input frequency fy... > fy 







tSU:DAT tuD:DAT 
aa nae 


tend tsu-F 


: 
x ke 





CLK 
DATA 


ENABLE AL 


tSTART 


MKA802 


Fig.3 Serial bus timing diagram. 
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APPLICATION INFORMATION 


transmit 


data 
power 


amplifier PLL 


IHS ° 


MAIN 
DIVIDER 
PHASE 
COMPARATOR 
TCXO REF ERENCE 


19 






fee, DIVIDER 
se 
yy Iter 
Be 
low noise 
amplifier 
x x to demodulation MKABSB 


1st mixer 2nd mixer 


Fig.4 Typical application block diagram. 
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positive 
supply 


values depend on application 


positive 189 
supply 
to first 


18 1] 


}10 ka 


positive 
supply 
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positive 
supply 
3.9 kQ 
UMA1019M 


V/ 


positive 
supply 
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=k 
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1 Kal 1 kn] | 
1 kal 


Fig.5 Typical test and application diagram. 
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FEATURES 


Low current from 3 V supply 


Fully programmable RF divider 


3-line serial interface bus 


Second synthesizer to control first IF or offset loop 
frequency 


¢ Independent fully programmable reference dividers for 
each loop, driven from external crystal oscillator 


* Dual phase detector outputs to allow fast frequency 
switching aah 
¢ Dual power-down modes. 


APPLICATIONS 


¢ 1 to 1.7 GHz mobile telephones » 
¢ Portable battery-powered radio equipment. 


GENERAL DESCRIPTION 


The UMA1020AM BICMOS device integrates prescalers, 
programmable dividers, and phase comparators to 
implement two phase-locked loops. The device is 
designed to operate from 3 NiCd cells, in pocket phones, 
with low current and nominal 5 V supplies. 


QUICK REFERENCE DATA 








principal and auxiliary synthesizer 
Supply current 


current in power-down mode per supply 
crystal reference input frequency 
principal phase comparator frequency 


ORDERING INFORMATION 


principal synthesizer supply current 





TYPE NUMBER 





UMA1020AM SSOP20 | plastic shrink small outline package; 20 leads; body width 4.4 mm 
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SYMBOL PARAMETER CONDITIONS 
Ves. Veo | supply wotage VessVos «di 


auxiliary synthesizer in 
power-down mode 


principal and auxiliary 
synthesizer ON 


The principal synthesizer operates at VCO input 
frequencies up to 1.7 GHz the auxiliary synthesizer 
operates at 300 MHz. The auxiliary loop is intended for the 
first IF or to transmit offset loop-frequency settings. Each 
synthesizer has a fully programmable reference divider. All 
divider ratios are supplied via a 3-wire serial 
programming bus. 


Separate power and ground pins are provided to the 
analog and digital circuits. The ground leads should be 
externally short-circuited to prevent large currents flowing 
across the die and thus causing damage. Vpp; and Vpp>2 
must also be at the same potential. Voc may be higher 
than Vpp i.e. Vop = 3 V and Vcc = 5 V for wider tuning 
range. 


The principal synthesizer phase detector uses two charge © 
pumps, one provides normal loop feedback, while the 
other is only active during fast mode to speed-up 
switching. The auxiliary loop has a separate phase 
detector. All charge pump currents (gain) are fixed by an 
external resistance at pin Ise7 (pin 14). Only passive loop 
filters are used; the charge-pumps function within a wide 
voltage compliance range to improve the overall system 
performance. 





er 
a iad al 


a 
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BLOCK DIAGRAM 


VpD1  DGND Ypp2 


4—BIT SHIFT pL 17-BIT SHIFT REGISTER 
p= _ : 


DDRESS CONTROL LATCH 
DECODER 


power lock current 
down select ratio 


PHASE 
i PRINCIPAL »| DETECTOR 
i SYNTHESIZER eo 


LOCK SELECT 


PHASE 


AUXILIARY DETECTOR 


SYNTHESIZER 


REFERENCE DIVIDER 


Fig.1 Block diagram. 
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PINNING 








| 
synthesizer 
charge-pump output 
charge-pump output 
4 


1 GHz principal synthesizer RF 
divider input 
7 | digital ground 

common reference frequency input 
from crystal oscillator 

principal synthesizer power-down | 
input 


11 +] serial clock input 
serial data input 
programming bus enable input 
(active LOW) 
14 | regulator pin to set the charge-pump 
currents 


auxiliary synthesizer frequency input 
analog ground 


auxiliary synthesizer charge-pump 
output 


supply for charge-pump and DAC 
Circuits 

auxiliary synthesizer power-down 
input 
20 | in-lock detect output (main PLL); test 
mode output 


SYMBOL 
FAST 


CPPF 





CPP 


QO 





Vpop1 






Vop2 







DGND 


fXTAL 


UMA 
1020AM 


POFF 


9) 
J 
on) 


oO 
>a 


oh 


— — — | —) | os mh | ek 
© ee) NN] OO] oO Q | MO 


DATA 


Iset 


UX MKA902 


AGND 
CPA 


BBE 





AOFF 











LOCK Fig.2 Pin configuration. 





QO 
.?) 


FUNCTIONAL DESCRIPTION The PRI input (pin 6) drives a pre-amplifier to provide the 
clock to the first divider stage. The pre-amplifier has a high 


Principal synthesizer input impedance, dominated by pin and pad capacitance. 


Programmable reference and main dividers drive the The circuit operates with signal levels from 100 mV to 
principal PLL phase detector. Two charge pumps produce 500 mV (RMS), and at frequencies up to 1.7 GHz. The 
phase error current pulses for integration in an external high frequency divider circuits use bipolar transistors, 
loop filter. A hardwired power-down input POFF (pin 9) slower bits are CMOS. Divide ratios (512 to 131 071) allow 
ensures that the dividers and phase comparator circuits up to 2 MHz phase comparison frequency. 


can be disabled. 
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The reference and main divider outputs are connected to 
a phase/frequency detector that controls two charge 
pumps. The two pumps have a common bias-setting 
current that is set by an external resistance. The ratio 
between currents in fast and normal operating modes can 
be programmed via the 3-wire serial bus. The low current 
pump remains active except in power-down. The high 
current pump is enabled via the contrel input FAST (pin 1). 
By appropriate connection to the loop filter, dual bandwidth 
loops are provided: short time constant during frequency 
switching (FAST mode) to speed-up channel changes and 
low bandwidth in the settled state (on-frequency) to 
improve noise and breakthrough levels. 


The principal synthesizer speed-up charge pump (CPPF) 
is controlled by the FAST input in synchronization with 
phase detector operation in such a way that potential 
disturbances are minimized. The dead zone (caused by 
finite time taken to switch the current sources on or off) is 
cancelled by feedback from the normal pump output to the 
phase detector providing improved linearity. 


An open drain transistor drives the output pin LOCK 

(pin 20). It is recommended that the pull-up resistor from 
this pinto Vpp is chosen such that the value is high enough 
to keep the sink current in the LOW state below 400 uA. 
The circuit can be programmed to output either the phase 
error in the principal or auxiliary phase detectors or the 
combination from both detectors (OR function). The 
resultant output will be a current puise with the duration of 
the selected phase error. By appropriate external filtering 
and threshold comparison an out-of-lock or an in-lock flag 
is generated. 


Auxiliary synthesizer 


The auxiliary synthesizer has a 14-bit main divider and an 
11-bit reference divider. A separate power-down input 
AOFF (pin 19), disables currents in the auxiliary dividers, 
phase detector, and charge pump. The auxiliary input 
signal is amplified and fed to the main divider. The input 
buffer presents a high impedance, dominated by pin and 
pad capacitance. First divider stages use bipolar 
technology operating at input frequencies up to 300 MHz; 
the slower bits are CMOS. The auxiliary loop phase 
detector and charge pump use similar circuits to the main 
loop low-current phase comparator, including dead-zone 
compensation feedback. 


The auxiliary reference divider is clocked on the opposite 
edge of the main reference divider to ensure that active 
edges arrive at the auxiliary and principal phase detectors 
at different times. This minimizes the potential for 
interference between the charge pumps of each loop. 
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Serial programming bus 


A simple 3-line unidirectional serial bus is used to program 
the circuit. The 3 lines are DATA, CLK and E (enable). The 
data sent to the device is loaded in bursts framed by E. 
Programming clock edges and their appropriate data bits 
are ignored until E goes active LOW. The programmed 
information is loaded into the addressed latch when E 
returns inactive HIGH. Only the last 21 bits serially clocked 
into the device are retained within the programming 
register. Additional leading bits are ignored, and no check 
is made on the number of clock pulses. The fully static 
CMOS design uses virtually no current when the bus is 
inactive. It can always capture new programmed data 
even during power-down of main and auxiliary loops. ~ 


However when either principal synthesizer or auxiliary 
synthesizer or both are powered-on, the presence of a 
TCXO signal is required at pin 8 (fxta,) for correct 
programming. 


Data format 


Data is entered with the most significant bit first. The 
leading bits make up the data field, while the trailing four 
bits are an address field. The UMA1020AM uses 5 of the 
16 available addresses. The data format is shown in 
Table 1. The first entered bit is p1, the last bit is p21. 


The trailing address bits are decoded on the inactive edge 
of E. This produces an internal load pulse to store the data 
in one of the addressed latches. To avoid erroneous 
divider ratios, the pulse is not allowed during data reads by 
the frequency dividers. 


This condition is guaranteed by respecting a minimum E 
pulse width after data transfer. The corresponding 
relationship between data fields and addresses is given in 
Table 2. 
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Table 4 Fast and normal charge pumps current ratio (note 1) 


IcPA lcpp IcPPF lcppr : Icpp 


4 x Iset 4 x Iser 16 x Iser 4:1 


ae 4 x Iset 2x ons 24 x IseT 12:1 
aa ee 4 x Iset | Axlger | 39 x IseT 16:1 
; common bias current for charge pumps. 


PRINCIPAL AUXILIARY PUMP PUMP 
DIVIDERS DIVIDERS 


> 
oC 
= 
@ 

ts 





1. Iset = 
Ro 


Table 5 Powér-down modes 





Power-down modes When either synthesizer is reactivated after power-down 
the main and reference dividers of that synthesizer are 
synchronized to avoid the possibility of random phase 
errors ON power-up. 


The action of the control inputs on the state of internal 
blocks is defined by Table 5. 


Note that in Table 5 POFF and AOFF can be either the 
software or hardware power-down signals. The dividers 
are ON when both hardware and software power-down 
signals are at logic 0. 
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LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


digital supply votage es 
analog supply votage 
n 








V | 
V : ; 
AVcc-pp difference in voltage between Vcc and Vpp 
voltage at pins 1, 6, 8 to 15, 19 and 20 -0.3 
AVenp difference in voltage between AGND and DGND -0.3 +0.3 
(these pins should be connected together) 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices. 












mW 
as Ge d 
°C 

C 





THERMAL CHARACTERISTICS 


SYMBOL PARAMETER VALUE UNIT 
Rinja thermal resistance from junction to ambient in free air 
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CHARACTERISTICS 
Ail values refer to the typical measurement circuit of Fig.5; unless otherwise specified. 


SYMBOL | PARAMETER CONDITIONS | MIN. | TyP. | MAX. 


Supply; pins 4, 5 and 18 
digital supply voltage 
Vcc analog supply voltage . 


lpp principal synthesizer digital 
supply current 












q) 


=| 
> 


loc 


3 


3) 3 








ae input impedance ( (real part) ae 2 GHz - | 300 
RC ~. typical pin input capacitance indicative, not tested 
[Rom principal main divider ratio 


fppcmax maximum principal loop 
comparison frequency 

fepcmin minimum principal loop 
comparison frequency 


131071 
2000 
ee er main divider input; pin 15 


=f 
ES 
== soo [ow 









AC- -coupled input signal level 
(RMS value) 





TT TT 


— AC-coupled input signal level Re = 50 Q: 
(RMS value) 201 2Vpp< 3:5 V 


R, = 50 Q: 
30 Ve Vans ov 


Be nna input impedance (real part) fay = 100 MHz 

[typical pin input capacitance indicative, not tested 

auxiliary main divider ratio a ae 16383 
an maximum auxiliary loop 2000 

comparison frequency 
faPcmin minimum auxiliary loop 

| comparison frequency 








November 1994 975 


Philips Semiconductors Integrated Circuits Preliminary specification 





Low-voltage dual frequency synthesizer for radio UMA1020AM 
telephones 


car [input frequency range fom onstal] 
sinusoidal input signal level 
Z input impedance (real part ee 


typical pin input capacitance 
Rp principal reference division ratio 


r 
Rat auxiliary reference division ratio 


Charge pump current setting resistor input; pin 14 


external resistor from pin 14 to 
ground 


V4 regulated voltage at pin 14 Rea = 12 kee 


| Charge pump outputs; pins 17, 3 and 2; Reg = 12 kQ 


| locp _ | charge pump output current error Pe ee 
Vp | sarge pump votage compliance | _—=—SS~=*dO 


Interface logic input signal levels; pins 13, 12, 11 and 1 


5 


Lock detect output signal; pin 20 open-drain output 
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SERIAL BUS TIMING CHARACTERISTICS 
Vop = Vec = 3 V; Tamb = 25 °C unless otherwise specified. 


| SYMBOL PARAMETER 


Serial programming clock; CLK 


t input rise time - 
te input fall tire * os 
Tey 100 


clock period 


Enable programming; E 


delay from last falling clock edge -2 
fw | minimum inactive pulse wiath——_—=~S~=*d 200007 
20 


Register serial input data; DATA 





tHD:DAT | input data to clock hold time 


Note 
1. The minimum pulse width (tw) can be smaller than 2 us provided all the following conditions are satisfied: 


a) Principal main divider input frequency fyog > ane 
| W 


b) Auxiliary main divider input frequency f,, > se 
Ww 
c) Reference dividers input frequency fy+,) > = 


tw 


ESU;DAT tHD;DAT tr te tenD tsu:F 


‘ 1 a , ae 18 ry 2 
, . 1 i 1 * "x mr * ut * 
, 1 t : . ‘ a oa 1 a 2 
iy ' 








CLK 

DATA : dl ADDRESS 

a een, oe a 
- 4 4 


tSTART tw 


MKA802 


Fig.3 Serial bus timing diagram. 
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APPLICATION INFORMATION 


transmit 


data 
power 


amplifier 














PRINCIPAL PLL 


transmit mixer 


PRINCIPAL 







PHASE 
COMPARATOR 





PRINCIPAL 
REFERENCE 
DIVIDER 





duplex 
filter 






AUXILIARY 
PHASE 
COMPARATOR 










AUXILIARY 
REF ERENCE 
DIVIDER 





low noise 
amplifier 


AUXILIARY PLL 





demoduloted 
data 
MKA903 


1st mixer 2nd mixer 


Fig.4 Typical application block diagram. 
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FEATURES 


Low current from 3 V supply 


Fully programmable RF divider 


3-line serial interface bus 


Second synthesizer to control first IF or offset loop 
frequency 


Independent fully programmable reference dividers for 
each loop, driven from external crystal oscillator 


Dual phase detector outputs to allow fast frequency 
switching —-- — 


Integrated digital-to-analog converter 


Dual power-down modes. 


APPLICATIONS 


¢ 2 GHz mobile telephones 
¢ Portable battery-powered radio equipment. 


GENERAL DESCRIPTION 


The UMA1020M BICMOS device integrates prescalers, 
programmable dividers, and phase comparators to 
implement two phase-locked loops. The device is 
designed to operate from 3 NiCd cells, in pocket phones, 
with low current and nominal 5 V supplies. 


QUICK REFERENCE DATA 


SYMBOL PARAMETER 
supply voltage 
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icaaelag principal synthesizer supply current 

| power-down mode 
a 
supply current synthesizer ON 


The principal synthesizer operates at VCO input 
frequencies up to 2.4 GHz the auxiliary synthesizer 
operates at 300 MHz. The auxiliary loop is intended for the 
first IF or to transmit offset loop-frequency settings. Each 
synthesizer has a fully programmable reference divider. All 
divider ratios are supplied via a 3-wire serial 
programming bus. 


Separate power and ground pins are provided to the 
analog and digital circuits. The ground leads should be 
externally short-circuited to prevent large currents flowing 
across the die and thus causing damage. Vpp; and Vpp> 
must also be at the same potential. Voc may be higher 
than Vpp i.e. Vpp = 3 V and Vcc = 5 V for wider tuning 
range. 


The principal synthesizer phase detector uses two charge 
pumps, one provides normal loop feedback, while the 
other is only active during fast mode to speed-up 
switching. The auxiliary loop has a separate phase 
detector. All charge pump currents (gain) are fixed by an 
external resistance at pin Ise (pin 14). Only passive loop 
filters are used; the charge-pumps function within a wide 
voltage compliance range to improve the overall system 
performance. An on-chip 8-bit DAC enables adjustment of 
an external function, such as the temperature 
compensation of a crystal oscillator. 





CONDITIONS 


12 
20 
3 
200 
200 


-30 
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ORDERING INFORMATION 





UMA1020M SSOP20 | plastic shrink small outline package; 20 leads; body width 4.4 mm SOT266-1 


BLOCK DIAGRAM i, 


Yop1 DGND Ypo2 


a] er sur 4-BIT SHIFT [ers | = 8-BIT 
DAC 


Ts ADDRESS CONTROL LATCH 
ower lock 
own select cue 


: PHASE 
i PRINCIPAL | DETECTOR 
! SYNTHESIZER ie 


PHASE 
DETECTOR 


f AUXILIARY 
: SYNTHESIZER 


REFERENCE DIVIDER 


Fig.1 Block diagram. 
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PINNING 


SYMBO 
FAST 


L 


DESCRIPTION 


control input to speed-up main 
synthesizer 





















CPPF principal synthesizer speed-up 


charge-pump output 
charge-pump output 
divider input 


digital ground . 
common reference frequency input 
from crystal oscillator 

principal synthesizer power-down 
input 










CPP 


.o°) 


Vop1 


Vope2 


DGND 


XTAL 


7 


POFF 


O | 8-bit digital-to-analog output 
1 | serial clock input 


DOUT 
K 
DATA | 


1 


OQ 
es 


=A 


serial data input 


! programming bus enable input 
(active LOW) 
14 


Iset 


auxiliary synthesizer frequency input 
analog ground 


auxiliary synthesizer charge-pump 
output 

supply for charge-pump and DAC 
circuits 

auxiliary synthesizer power-down 
input 


in-lock detect output (main PLL); test 
mode output 


> 


m 
x< 


U 
AGND 
CPA 


a 


5 


Voc 1 


regulator pin to set the charge-pump 
currents 


19 





LOCK 


NO 


> 

© 

Tl 

TI 
= | a 
© © “| 


FUNCTIONAL DESCRIPTION 
Principal synthesizer 


Programmable reference and main dividers drive the 
principal PLL phase detector. Two charge pumps produce 
phase error current pulses for integration in an external 
loop filter. A hardwired power-down input POFF (pin 9) 
ensures that the dividers and phase comparator circuits 
can be disabled. 
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UMA1020M 


ee 
2 

ee) 
6 | 
aoe 
peo 
E1G.i 


MKAG42,3 


Fig.2 Pin configuration. 


The PRI input (pin 6) drives a pre-amplifier to provide the 
Clock to the first divider stage. The pre-amplifier has a high 
input impedance, dominated by pin and pad capacitance. 
The circuit operates with signal levels from 60 mV to 

180 mV (RMS), and at frequencies up to 2.4 GHz. The 
high frequency divider circuits use bipolar transistors, 
slower bits are CMOS. Divide ratios (512 to 131 071) allow 
a 2 MHz phase comparison frequency. 
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The reference and main divider outputs are connected to 
a phase/frequency detector that controls two charge 
pumps. The two pumps have a common bias-setting 
current that is set by an external resistance. The ratio 
between currents in fast and normal operating modes can 
be programmed via the 3-wire serial bus. The low current 
pump remains active except in power-down. The high 
current pump is enabled via the control input FAST (pin 1). 
By appropriate connection to the loop filter, dual bandwidth 
loops are provided: short time constant during frequency 
switching (FAST mode) to speed-up channel changes and 
low bandwidth.in the settled state (on-frequency) to 
improve noise and breakthrough levels. 


The principal synthesizer speed-up charge pump (CPPF) 
is controlled by the FAST input in synchronization with 
phase detector operation in such a way that potential 
disturbances are minimized. The dead zone (caused by 
finite time taken to switch the current sources on or off) is 
cancelled by feedback from the normal pump output to the 
phase detector providing improved linearity. 


An open drain transistor drives the output pin LOCK 

(pin 20). It is recommended that the pull-up resistor from 
this pin to Vpp is chosen such that the value is high enough 
to keep the sink current in the LOW state below 400 WA. 
The circuit can be programmed to output either the phase 
error in the principal or auxiliary phase detectors or the 
combination from both detectors (OR function). The 
resultant output will be a current pulse with the duration of 
the selected phase error. By appropriate external filtering 
and threshold comparison an out-of-lock or an in-lock flag 
is generated. | 


Auxiliary synthesizer 


The auxiliary synthesizer has a 14-bit main divider and an 
11-bit reference divider. A separate power-down input 
AOFF (pin 19), disables currents in the auxiliary dividers, 
phase detector, and charge pump. The auxiliary input 
signal is amplified and fed to the main divider. The input 
buffer presents a high impedance, dominated by pin and 
pad capacitance. First divider stages use bipolar 
technology operating at input frequencies up to 300 MHz; 
the slower bits are CMOS. The auxiliary loop phase 
detector and charge pump use similar circuits to the main 
loop low-current phase comparator, including dead-zone 
compensation feedback. 


The auxiliary reference divider is clocked on the opposite 
edge of the main reference divider to ensure that active 
edges arrive at the auxiliary and principal phase detectors 
at different times. This minimizes the potential for 
interference between the charge pumps of each loop. 
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Serial programming bus 


A simple 3-line unidirectional serial bus is used to program 
the circuit. The 3 lines are DATA, CLK and E (enable). The 
data sent to the device is loaded in bursts framed by E. 
Programming clock edges and their appropriate data bits 
are ignored until E goes active LOW. The programmed 
information is loaded into the addressed latch when E 
returns inactive HIGH. Only the last 21 bits serially clocked 
into the device are retained within the programming 
register. Additional leading bits are ignored, and no check 
is made on the number of clock pulses. The fully static 
CMOS design uses virtually no current when the bus is 
inactive. It can always capture new programmed data 
even during power-down of main and auxiliary loops. « 


However when either principal synthesizer or auxiliary 
synthesizer or both are powered-on, the presence of a 
TCXO signal is required at pin 8 (fx7,,) for correct 
programming. 


Data format 


Data is entered with the most significant bit first. The 
leading bits make up the data field, while the trailing four 
bits are an address field. The UMA1020M uses 6 of the 16 
available addresses. The data format is shown in Table 1. 
The first entered bit is p1, the last bit is p21. 


The trailing address bits are decoded on the inactive edge 
of E. This produces arrinternal load pulse to store the data 
in one of the addressed latches. To avoid erroneous 
divider ratios, the pulse is not allowed during data reads by 
the frequency dividers. | 

This condition is guaranteed by respecting a minimum E 
pulse width after data transfer. The corresponding 
relationship between data fields and addresses is given in 
Table 2. 
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Table 4 Fast and normal charge pumps current ratio (note 1) 


4 


x Iset 


16 x Iger 4:1 
8:1 


2 x Iset 





le 
ext 


Table 5 Powér-down modes 


OFF 


OFF 





Digital-to-analog converter 


The byte loaded via the bus into the appropriate latch 
drives a digital-to-analog converter. The internal current is 
scaled by the external resistance (R.,4) at pin lsey7, similar 
to the charge pumps. The nominal full-scale current is 
4x Ilge7. The output current is mirrored to produce a 
full-scale voltage into a user-defined ground referenced 
resistance, thereby allowing optimum swing from power 
supply rails within the 2.7 to 5.5 V limits. Tne bandgap 
reference voitage at pin Isge7 is temperature and supply 
independent. The DAC signal is monotonic across the full 
range of digital input codes to enable fine adjustment of 
other system blocks. The typical settling time for full-scale 
switching is 400 ns into a 12 kQ // 20 pF load. 
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; common bias current for charge pumps and DAC. 


AUXILIARY PUMP 
| DIVIDERS CPA 


PUMP 
CPP 


PUMP 
CPPF 
OFF OFF 


OFF OFF 


DAC AND BIAS* 


Power-down modes 


The action of the control inputs on the state of internal 
blocks is defined by Table 5. 


Note that in Table 5 POFF and AOFF can be either the 
software or hardware power-down signals. The dividers 
are ON when both hardware and software power-down 
signals are at logic 0. 


When either synthesizer is reactivated after power-down 
the main and reference dividers of that synthesizer are 
synchronized to avoid the possibility of random phase 
errors ON powe}l-up. 
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LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


[sympor | —~=SPARAMETER «WIN WAK | ONT 


AVeanp . | difference in voltage between AGND and DGND —0.3 +0.3 
~~ | (these pins should be connected together) 












Pit | total power dissipation a (a 
storage temperature 
Tamb operating ambient temperature 
maximum junction temperature St ° 
HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices. 





mW 

°C 

°C 
C 








THERMAL CHARACTERISTICS 


SYMBOL PARAMETER | VALUE 
thermal resistance from junction to ambient in free air 
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CHARACTERISTICS 
All values refer to the typical measurement circuit of Fig.5; unless otherwise specified. 


SYMBOL PARAMETER CONDITIONS | MIN. | TYP. MAX. | UNIT 


Supply; pins 4, 5 and 18 


| 


oO 
a} 
‘ 









Vop digital supply voltage Vop1 = Vpp2 - 
Vec analog supply voltage . Voc 2 Vpp 
lbp principal synthesizer digital Vpp = 5.5 V mA 


supply current 


auxiliary synthesizer digital supply | Vpp = 5.5 V 
“current 


charge pumps supply current | Voo = 5.5; 


C 
locpp, lpppp | Current in power-down mode per _| logic levels 0 or Vpp 
supply 

RF principal main divider input; pin 6 


VCO input frequency 


AC-coupled input signal level 
(RMS value) 


jo) 
os 


No 
“J 

. . —h 
© 





50 







zo 


2 
3 = 






















1650 


Rs = 50 Q; 60 
1.65 < fyco < 2.0 GHz 


Re 2:50:0): 60 
1.65 < fyco < 2.4 GHz 
fyco = 2 GHz 

indicative, not tested 


<= 


H 


400 


zs 
< 


3/5 
wn 3 
N 





V 











300 


i 
© 
© 














— 
NO 


>) 
-— 
oe 
N 


5 131071 


2000 


EE 


minimum principal loop 
comparison frequency 


input frequency | | 


V15¢ms) AC-coupled input signal level 
(RMS vaiue) 










0 


* 
O!|o 


| oO in} © 
Oo Oo 
os) oO 


© 
<= 
ae 
N 










Aa=50-Q; 
2./V<Vpp< Cm oan | 


Rs = 50 Q: [100 


3.5V<Vpp < 5.5 V 


3\ 3 
<| < 





input impedance (real part) fa; = 100 MHz - kQ2 
typical pin input capacitance indicative, not tested | ll pF 
Ram auxiliary main divider ratio | 16383 | 
[ApGmax maximum auxiliary loop 2900 KHz 
comparison frequency 
Bs 10 kHz 


fapcmin minimum auxiliary loop 
comparison frequency 
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SYMBOL PARAMETER CONDITIONS | omin. | TYP. | | UNIT 


Dual synthesizer reference dividers input; pin 8 






= 
a5 
N 


input frequency range from crystal 


Va(rms) sinusoidal input signal level 5 MHz < fxqa_ < 40 MHz 
(RMS value) 3 MHZ < fytaL < 40 MHz 

Ze input impedance (real part) fxtaL = 30 MHz - | 2 

Ci typical pin i i 72 


o;oQ!;oO 
io) 
TIX 


Zz 
C 


typical pin input capacitance indicative, not tested 


| 
I 
[Agr [principal reference division aio [| 
[Rar [auxiliary reference division ratio [ 


Charge pump current setting resistor input; pin 14 


Rex external resistor from pin 14 to 
ground 


3 
12 
2 


regulated voltage at pin 14 Rext = 12 kQ 


Charge pump outputs; pins 17, 3 and 2; Reg = 12 kQ 


ad 
cee | charge pump output eurent enor | —~—S~ 
[nics [sinkto-source current atoning [Vepinvange ‘(= 
Cid 


Interface logic input signal levels; pins 13, 12, 11 and 1 





eo 
co 
|e 
a 









=) 


charge pump voltage compliance V 








input bias current logic 1 or logic 0 
C, input capacitance indicative, not tested al 


DAC output signal levels; pin 10, Reg = 12 kQ 


+5 
+1 
2 


a ae 


laoreet worst case monotonicity test: note 1 | 1.9 
Al x 256/400 vA | 


Lock detect output signal; pin 20 open-drain output 


Note 
Al is the change in DAC output current when making the code transitions: 7FH/80H, 3FH/40H or 1FH/20H. 


— 
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SERIAL BUS TIMING CHARACTERISTICS 
Vop = Voc = 3 V; Tamp = 25 °C unless otherwise specified. 


SYMBOL PARAMETER 


Serial programming clock; CLK 


input rise time 


input fall time 


clock period 


Enable programming; E 
tstaRT ~_| delay to rising clock edge 40 
tenD delay from last falling clock edge 


Register serial input data; DATA 





tsu:DAT input data to clock set-up time 20 
tuD:DAT input data to clock hold time 20 
Note 
1. The minimum pulse width (tw) can be smaller than 2 us provided all the following conditions are satisfied: 
a) Principal main divider input frequency fyo, > vis 
Ww 


b) Auxiliary main divider input frequency f,, > == 
WwW 


or 3 
c) Reference dividers input frequency f,.,, > fy 







tSu:DAT 


- 


tuD:DAT tf tend tsu-E 








1 a ‘ ua a4 . 
1 mel a i 11 ae r “ie ' 
' t 1 pa t8 1 s ' 






CLK 


DATA : x | ~ ADDRESS : 
eNABLE (Wp 
a | a 


tSTART tw 





MKA802 


Fig.3 Serial bus timing diagram. 
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APPLICATION INFORMATION 


transmit 
dota 
power 


amplifier PRINCIPAL PLL 


<HX)— frm T= 


transmit mixer 


= PRINCIPAL Ls is 
MAIN 


DIVIDER PRINCIPAL 
PHASE 
PRINCIPAL COMPARATOR 
REFERENCE 
DIVIDER 


duplex AUXILIARY 
DIVIDER AUXILIARY 
PHASE 
AUXILIARY COMPARATOR 
REF ERENCE 
DIVIDER 


SPLITTER si 0) * PF i 


low noise AUXILIARY PLL 
amplifier 


La #4 4 , demodulated 


1st mixer 2nd mixer 


MKA643 


Fig.4 Typical application block diagram. 
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DESCRIPTION 

The NE630 is a wideband RF switch fabricated in BICMOS technol- 
ogy and incorporating on-chip CMOS/TTL compatible drivers. Its 
primary function is to switch signals in the frequency range DC - 
1GHz from one 50Q channel to another. The switch is activated by 
a CMOS/TTL compatible signal applied to the enable channel 1 pin 
(ENCH1). 


The extremely low current consumption makes. the NE/SA630 ideal 
for portable applications. The excellent isolation and low loss makes 
this a suitable replacement for PIN diodes. 


The NE/SA630 is available in an 8-pin dual in-line plastic package 
and an 8-pin SO (surface mounted miniature) package. 


FEATURES 

®Wideband (DC - 1GHz) 

@|Low through loss (1dB typical at 20OMHz) 
®Unused input is terminated internally in 50Q 


®Excellent overload capability (1dB gain compression point +18dBm 
at 300MHz) 


®@!ow DC power (170uA from 5V supply) 
®Fast switching (20ns typical) 
®Good isolation (off channel isolation 60dB at 100MHz) 


ORDERING INFORMATION 







8-Pin Plastic Small Outline (SO) package (Surface-mount) 


8-Pin Plastic Small Outline (SO) package (Surface-mount) 





BLOCK DIAGRAM 





’ A 
INPUT/OUTPUT ' Vi , ' 
a 


ENCH1 








RECOMMENDED OPERATING CONDITIONS 
| PARAMETER 


| symBoL | 
| Operating ambient temperature range 
Ta NE Grade 
SA Grade 
Operating junction temperature range 
Ty NE Grade 
SA Grade 
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DESCRIPTION TEMPERATURE RANGE 
8-Pin Plastic Dual In-Line Package (DIP) 0 to 70°C NE630N 0404B 


8-Pin Plastic Dual In-Line Package (DIP) -40 to+85°C SA630N 0404B 








Supply voltage 3.0 to 5.5V 





PIN CONFIGURATION 
D and N Packages 





VDD 
GND 


OUT, 


AC GND 
INPUT GND 


ENCHi1 OUT> 

















®Low distortion (IP3 intercept +33dBm) 

®Good 50Q match (return loss 18dB at 400MHz) 
®Full ESD protection 

® Bidirectional operation 


APPLICATIONS 

® Digital transceiver front-end switch 
® Antenna switch 

®Filter selection 

®Video switch 

®FSK transmitter 






ORDER CODE DWG # 





0 to 70°C NE630D 0174C 






-40 to +85°C - ~ SA630D 0174C 


eo __ OUTPUT/INPUT 


; 


oe ————_ ouTPUTIINPUT 








°C 
°C 
°C 
°C 


0 to +70 
-40 to +85 


0 to +90 
-40 to +105 
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EQUIVALENT CIRCUIT 

















VDD 
Q OUT, 
CONTROL 
LOGIC 
AC BYPASS 
0 OUTo 











ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER UNITS 
Vpp Supply voltage a ae 


Power dissipation, Ta = 25°C (still air)! 
8-Pin Plastic DIP m 
8-Pin Plastic SO m 


Maximum power input/output A 
Storage temperature range | = ae 


NOTES: 

1. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 6),: 
8-Pin DIP: Oj, = 108°C/W 
8-Pin SO: Oya = 158°C/W 


V 
WwW 
W 
Maximum operating junction temperature | 
°C 





= 


DC ELECTRICAL CHARACTERISTICS 
Vpp = +5V, Ta = 25°C; unless otherwise stated. 


SYMBOL PARAMETER 


oo [Seeeveren 
[wr [TueMos ge trembomvema Cd 
of 

a oe 










TEST CONDITIONS 





ENCH1 input current ENCH1 = 0.4V 
el ae ENCH1 input current ENCH1 = 2.4V 


NOTE: 
1. The ENCH1 input must be connected to a valid Logic Level for proper operation of the NE/SA630. 
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LIMITS 
NE/SA630 UNITS 
TYP | 
1 | 
1.4 
2 2.8 


AC ELECTRICAL CHARACTERISTICS! - D PACKAGE 


Vpp = +5V, Ta = 25°C; unless otherwise stated. 


SYMBOL 
insertion loss (ON channel) 














PARAMETER TEST CONDITIONS 





DC - 100MHz 
500MHz 
900MHz 














| | 10MHz2. | 70 80 
= 100MHz 60 
2 
S21, S42 | Isolation (OFF channel) 500MHz 50 
| ~ 900MHz 24 30 
DC - 400MHz | 20 





900MHz 


Return loss (ON channel) 
Sr Sea | Return loss (OFF channel) ae a 


i es =| Switching speed (on-off delay) | 50% TTL to 90/10% RF 


Switching speeds (on-off rise/fall time) 90%/10% to 10%/90% RF 











165 
+18 


Po — 1 — 


to 
tt 
[Seeing 
Po 
NF 


+ 
ie) 
1é¥) 


+ 
Oo 
NO 


Second-order intermodulation intercept 100MHz 


poNF Noise figure (Zo = 500 ) oie 


NOTE: 

1. All measurements include the effects of the D package NE/SA630 Evaluation Board (see Figure 1B). Measurement system impedance is 
50Q. 

2. The placement of the AC bypass capacitor is critical to achieve these specifications. See the applications section for more details. 


nm — 
CoO 





AC ELECTRICAL CHARACTERISTICS! - N PACKAGE 


Vpp = +5V, Ta = 25°C; all other characteristics similar to the D-Package, unless otherwise stated. 









Le 





SYMBOL PARAMETER TEST CONDITIONS 





DC - 100MHz 
500MHz 
900MHz 






Insertion loss (ON channel) 



















| ~~ 1OMHz 
Isclation (OFF channel) Satie 58 . dB 
900MHz 15 
ooo sme 


NOTE: 
1. Ail measurements include the effects of the N package NE/SA630 Evaluation Board (see Figure 1C). Measurement system impedance is 
5002. 


APPLICATIONS The capacitor should be placed straight down as close to the device 
The typical applications schematic and printed circuit board layout of as practical. For better isolation between the two channels at higher 
the NE/SA630 evaluation board is shown in Figure 1. The layout of frequencies, it is also advisable to run the two output/input traces at 
the board is simple, but a few cautions need to be observed. The an angle. This also minimizes any inductive coupling between the 
input and output traces should be 50Q. The placement of the AC two traces. The power supply bypass capacitor should be placed 
bypass capacitor is extremely critical if a symmetric isolation close to the device. Figure 7 shows the frequency response of the 
between the two channels is desired. The trace from Pin 7 should NE/SA630. The loss matching between the two channels is 

be drawn back towards the package and then be routed downwards. excellent to 1.2GHz as shown in Figure 10. 
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a. NE/SA Evaluation Board Schematic 


630N1 7/91 — 





c. NE/SA630 N-Package Board Layout 
Figure 1. 
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The isolation and matching of the two channels over frequency is 
shown in Figures 12 and 14, respectively. 


The NE630 is a very versatile part and can be used in many 
applications. Figure 2 shows a block diagram of a typical Digital RF 
transceiver front-end. In this application the NE630 replaces the 
duplexer which is typically very bulky and lossy. Due to the low 
power consumption of the device, it is ideally suited for handheld 
applications such as in CT2 cordless telephones. The NE630 can 
also be used to generate Amplitude Shift Keying (ASK) or On-Off 
Keying (OOK) and Frequency Shift Keying (FSK) signals for digital — 
RF communications systems. Block diagrams for these applications 
are shown in Figures 3 and 4, respectively. 


For applications that_require a higher isolation at 1GHz than 
obtained from a single NE630, several NE630s can be cascaded as 


Product specification 


NE/SA630 


shown in Figure 5. The cascaded configuration will have a higher 
loss but greater than 35cB of isolation at 1GHz and greater than 
65dB @ 500MHz can be obtained from this configuration. By 
modifying the enable control, an RF multiplexer/ de-multiplexer or 
antenna selector can be constructed. The simplicity of NE630 
coupled with its ease of use and high performance lends itself to 
many innovative applications. 


The NE/SA630 switch terminates the OFF channel in 50Q. The 50Q 
resistor is internal and is in series with the external AC bypass 
capacitor. Matching to impedances other than 50Q can be achieved 
by adding a resistoi in series with the AC bypass capacitor (e.g., 
25Q additional to match to a 75Q environment). 





co 


NE5200 












NE630 


Tx/Rx 


| NE5200 












MICRO KEYPAD 
CONTROLLER 






& 
DISPLAY 


MODULATION | 








A TYPICAL TDMA/DIGITAL RF TRANSCEIVER SYSTEM FRONT-END 









































Figure 2. a 
© 
| 
OSCILLATOR 50Q Neer 
ENABLE O NE630 
CH1 
TTL DATA = 
—O 
AMPLITUDE SHIFT KEYING (ASK) GENERATOR Ee) geese 
| , Figure 3. OUT2/IN2 
f; eo © 
FSK OUTPUT ENABLE 
Figure 5. 
ENABLE 
| CH1 
fo TTL DATA 
FREQUENCY SHIFT KEYING (FSK) GENERATOR 
Figure 4. 
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Figure 7. Loss vs. Frequency and Vpp for D-Package 
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Figure 9. Loss Matching vs. Frequency for N-Package (DIP) 
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-8 8 
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Figure 10. Loss Matching vs. Frequency; Figure 11. Loss vs. Frequency and Temperature 
CHi vs. CH2 for D-Pakage for D-Package 
Slen 
-10- 
~20 
-30 
ao 
qe} 
= 40 
dy 
-50 
4 
1 
60 
-—70 ~ a 
f/ Ta = +25°C 
2 [7 TA = +25°C Vpp = 5V 
—80 To a oh yeep | ee eT 
0 100 1000 2000 ” 100 1000 2000 
FREQUENCY (MHz) 
FREQUENCY (MHz) 
Figure 12. Isolation vs. Frequency and Vpp for D-Package Figure 13. Isolation Matching vs. Frequency for N-Package 
(DIP) 
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-5 


S11 (dB) 





VDD = +5V 
TA = +25°C 


Ta = +25°C 


10 100 1000 2000 






1000 2000 


FREQUENCY (MHz) FREQUENCY (MHz) 
Zz 


Figure 14. Isolation Matching vs. Frequency; CH vs. 
CH2 for D-Package 


Input Match On-Channel vs. Frequency and Vpp 

















oo 
3 
N 
5 
100 1000-2000 10 100 1000 2000 
FREQUENCY (MHz) FREQUENCY (MHz) 
Figure 16. Output Match On-Channel vs. Frequency Figure 17. OFF-Channel Match vs. Frequency and Vpp 
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Pa 
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2000 
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Figure 18. OFF Channel Match vs. Frequency and Temperature ‘Figure 19. P_, dB vs. Frequency and Vpp 
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Figure 21. Noise Figure vs. Frequency and 


Figure 20. Intercept Points vs.Vpp Vpp for D-Package 
DD = 
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ENCH1 (Pin4) 


OUT1 (Pin 8) 





_ Figure 22. Switching Speed; fjy = 100MHz at -6dBm, Vpp = 5V 
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DESCRIPTION 

The SA900 is a monolithic high performance, multi-function transmit 
modulator for use in cellular radio applications, fabricated in QUBiC 
BiCMOS technology. The SA900 features both analog (AMPS) 
mode and complex, I/Q digital (NADC 1S54) mode quadrature 
modulation functions, a PLL synthesizer with VCO, crystal oscillator, 
programmable prescalers and Gilbert cell multiplier phase detector 
with programmable charge pump output. The DUALTX output can 
be used in DUAL mode cellular phone applications with the AMPS 
and NADC modulation being applied to the I/Q baseband inputs. 
The DUALTX output also provides 6-bit power control with 40dB of 
gain control in 0.63dB steps. In addition, buffered crystal oscillator 
programmable prescaler outputs are provided to support system 
clock reference neéds. Programming of the SA900 functions are 
realized by a high speed 3-wire serial interface. The SA900 can be 
programmed into a sleep mode (low current mode providing crystal 
oscillator and Master Clock functions), a standby mode (providing 
crystal oscillator, Master Clock, System Clock 1 and Transmit LO 
buffer functions), and the AMPS mode and the DUAL mode 
configurations. 


FEATURES 

® Voc = 4.8V 

® Tx output frequency = 9OOMHz 
® Direct modulation of RF 

® DUAL mode, on-chip PA control 
®@ |/Q modulator 


® Single sideband quadrature LO generation with no external — 
adjustments required 


® On-chip crystal oscillator with 3 buffered outputs 
® AMPS/TACS 
® On-chip VCO 


ORDERING INFORMATION 


PIN CONFIGURATION 
BE Package 








GND 
DUALTX 
GND 


Vcc 
AMPSTX 
GND 
Voc + 


PHSOUT GND 


IPEAK 
GND 
XTAL_1 


Vcc 





Vcc 











NY 8 N 
(eee se eee ws 
ee Oe © Oe: 216 oO 
aS Oo Oo sv oder 
x a OF 
oO a) 








® Selective power-down 
— Low power AMPS/TACS mode 
— Low power dual mode NADC 


® 48-Pin TQFP package 


APPLICATIONS ~~ 
® North American Digital Cellular (NADC IS-54) 


DESCRIPTION TEMPERATURE RANGE ORDERCODE | DWG# | 


48-Pin Thin Quad Flat Pack (TQFP) 
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BLOCK DIAGRAM 











DUALTX 
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AMPSTX 

















CONTROL 
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7 in 


O O O O O O 
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aS) 
z 
s) 
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n 
2) 
wv 
U 
a 
O 
zZ 
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Description 
Non-inverting | Mod Signal 
Inverting | Mod Signal 
TXLO_1/2 
DUALTX 


Second LO Input (differential/single-ended input) 
RF output (850MHz) digital (DUAL) mode, complex modulated output 
Non-inverting Q Mod Signal 


“a 


Inverting Q Mod Signal =) 

CLK1 Buffered oscillator output (XO +3/+1) 
MCLK = Buffered oscillator output (XO +4/+5/+1) 
CLK2 Buffered oscillator output (XO +2/+1) 


AMPSTX RF output (850MHz) AMPS mode 
Voc +5Vpc power supply 
GND Ground 


Data 
Clock 
Strobe 
TXEN 
CLKSET 
XTAL1 
XTAL2 
PHSOUT 
TANK_1 
TANK_2 
LO. tW2 


IPEAK Phase comparator current programming 


Serial data input 


Serial clock input 

Data strobe input 

AMPS and Dual Mode transmit enable 
Program control pin for MCLK prescaler 
Crysial oscillator base input 

Crystal osciilator emitter output 

Phase comparator charge pump output 
VCO differentiai tank 

VCO differential tank 

Buffered differential TXLO output 


te 


> 
Ww 
¢ 2) 
fe) 
iz 
a | 
m 
= 
> 
>< 
= 
Cc 
= 
> 
4 
= 
G@) 
6] 











SYMBOL 


Voltage applied to any other pin 

Power dissipation, Ta = 25°C (still air) P00 mT 

Maximum operating junction temperature 

Maximum power input/output 

Tst¢ Storage temperature range 
NOTE: 


1. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, @ a. 
48-pin TQFP: BIA = 67°C/W 


Voc 


N 


TJMAX 
PMAX 









RECOMMENDED OPERATING CONDITIONS 
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DC ELECTRICAL CHARACTERISTICS 
Voc = +4.8V, Ta = 25°C; unless otherwise stated. 


SYMBOL PARAMETER TEST CONDITIONS 






LIMITS 















| MIN’ [| Typ) [MAX 

Powe spl Tanes eS ee ee a 
ae Ss 
pee a eager eae eee en 
cee renee | AMPSmode | CT Cs 
ame ee er oe 
it [phase aferortalbassbardinpat veg 
Quadraphase differentialbasebandinput | = DC ti(i‘dL;*<‘<‘d;:C«‘ Oc YO 
a a es i ee 
as ee ae ee ee 

i [oak data, arabe, REN pt ns ies 

| Vin [Clock data, strobe, TXEN CE sInputhigh =| Vcc | Vict. POV 
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AC ELECTRICAL CHARACTERISTICS 
Voc = +4.8V, Ta = 25°C; unless otherwise stated. 


) LIMITS 
_ : | 
SYMBOL PARAMETER TEST CONDITIONS win] TYP [Max UNITS 


inputpower i sf CC 

























TXLO_1/2 | Transmit LO input (AC couple) (50) VSWR (50Q) SS 
Frequency ango [300 | 1080 
TANK_1/2 | VCO tank differential inputs Frequency range | 9006 | 140 MHz 
PHSOUT | Phase detector charge pump output Output level | 05 | | Vec-05 J Ve | 
a eres Ascr= Teka, ADD [| oe a 
peak _| PHSQUT programming Aser= 470, ADA [| 6a a 
i re 
hier, Nouresc ua ass quency [iam ee (eee ca 
External drive Oe ee 
XO divide 3/1, power down SM1=0, 50% | ~ 
cur | autyeyl reaueneyrenge | ace | |e | we 
eso Se a 
XO divide 2/1, power down SM2=0 5 45 MHz 
CLK2 P quency rang ee Me 
=2.Yot, i, Yad Ouiputlovel Ska 7F [i 
| XO divide 4/5/1, 50% duty cycle Frequency range P62) fl 45M 
MCLK | +4, CLKSET = Vcc, +5, CLKSET = 0.5V¢¢, 
+1, CLKSET = 0V Output level, 5kQ || 7pF 1 S| vee 
Serial data clock input, 33% duty cycle Max clock rate Pf 0 MHz 
CLOCK | Serial interface (CMOS levels) Logic LOW ee ee ee 
DATA, CLOCK, STROBE, TXEN tage HIGH [oes | 
Sine. ulput, SE=1, AD=0, TXEN=1 (AC Frequency range 820 aa 860 MHz 
VSWR ee ee ee 


[Outputtever [Te | CSL 

Spurious output | _—eevtoseaMHe | «|e | 

[eeatosaomez ||? 

[tose | | wt] 

[eaptoseomez | ST | CCB 
-41 dBc 






AMPSTX 













B94MHzto8.49GHz || At TB 
TLS andhamones| at a 
- Adjacent channel noise power ~ @30kHz es ee ee = 
Alternate channel noise power @60kHz PT ton fs Bez 
Broadband noise power 869 to 894MHz PT 186 fs dBrHz 
DUAL output, SE=1, AD=1, TXEN=1 (with 
external matching Figure 5) prequency vange | 0 {| vel ae 
ae Output | —— y (land Q = 
utput level (avg min) (I an 
wenepveny | @ | 2 | | em 
Gain flatness a ee ee Me Ge: aie 
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AC ELECTRICAL CHARACTERISTICS (continued) 


LIMITS 
N NIT 
SYMBOL PARAMETER TEST CONDITIONS [MIN | TYP | MAX UNITS 


SUT aoe ee 

(cont.) Linearity (0dB VGA,!andQinphase)}| sss Sthorder = “as ss] Bess” 
a 
[carter suppression Vand @ quadrature) | Vea= 08 | 5a a 
[cer sven Gar | verses [aa [oe 
(——_Sstandsuppressen | Tana Gauacraure | 35 


Spurious output 869 to 894MHz 
824 to 849MHz 

2 to 824MHz 
849 to 869MHz 
894MHz to 8.49GHz dBc 


CC 
Satan nose OSB VER | Bebe Baa [ | sa 
a 

[—"raecort anette poner | @oanrte [8s e 
["Atemate channel reise power | eon [ro brie 
ec tequeney ee 
Baseband quadrature differential input | Differential modulationlevel | 06 | 08 [| 10 | Vpp | 
[oeesinpaingssaee [ye [i 
[——Waxtrequency [| 
Baseband inphase differential input | Differential modulation level [| 06 | 08 | 
Tpiterentalinpurimpedance | 10 | 


einen —[—— af 


im RE 
boa gore 
Ouiputiove 
= 













Bm 
dBc 
dBc 
dBc . 























ie 
an 
N 


“Et 





ele 





Buffered TXLO differential outputs (AC 
coupled) 







mVp.p 









FUNCTIONAL DESCRIPTION the system synthesizer (such as the SA7025) to form the system LO 

synthesizer loop. The DUAL mode can also be used for AMPS 
Dual Mode Operation operation. The AMPS and DUAL mode modulation is generated by 
The SA900 transmit modulator provides direct single sideband the system DSP IC to provide the required I/Q baseband modulation 
quadrature modulation of the difference of the TXLO and VCO for the SA900. The DUAL output provides low broadband noise 
frequencies, while providing quadrature LO signals for the I/Q output power (so that the receiver sensitivity is not degraded) and 
modulator. The quadrature LO signals are modulated with high high linearity to meet cellular phone system needs. Table 1 provides 
linearity by the baseband inphase (I) and quadrature (Q) signals. the VGA power control limits. 


The summed modulator output produces the lower sideband, while 
rejecting the upper sideband. The | and Q inputs also provide DC 
biasing for the modulator inputs. The summed output of the 
modulator goes to a variable gain amplifier (VGA) to control the 
output level, it has 40.0dB of attenuation control range, with 0.63dB 
steps. The power control function is programmed by means of a 
6-bit word (see Table 3). The VGA output drives the power amp ae 
output stage to provide +2dBm average minimum power level (at Table 1. VGA Power Control Limits 


OdB power control) into 50Q, in conjunction with external matching 
components on DUALTX. The AD (AMPS/DUAL) and the SE 
(synthesizer enable) bit control the power up/down of the DUAL 

mode function. The transition of the TXEN, from low to high turns 


on the modulator. The falling edge of the TXEN signal disables the 
synthesizer and modulator. The TXLO is a system supplied LO 1 
signal. The SA900 buffers the TXLO signal (LO_1/2) for use with 


The SA900 DUALTX output is externally matched with either a shunt 
inductor to Vcc and a series capacitor or a shunt inductor to Voc 
and a series inductor. This matches the DUALTX output to 502. 
Values of the matching components are dependent on PCB layout, 
typical values are shown in Figure 5. 











. Guaranteed to be monotonic. 
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AMPS Mode Operation 
Table 2. Word Format 
The SA900 can be configured to operate in the AMPS mode, where able 2. Data Word Forma 


FM modulation is applied to the SA900’s VCO. For the AMPS 


| | Bits | Function 
mode, the VCO is configured with the proper synthesizer bandwidth 
to allow the application of the AMPS modulation to the VCO varactor | At [| 2 Addressbit1 =) 
tuned tank circuit. The modulated VCO signal is input into an image [a2 | + +3 +'| Addressbit2 (1) «| 
reject mixer along with the TXLO signal, where the upper sideband 
is rejected. This single sideband modulated signal then drives the FAB Address bit 4 “0 
AMPS output power amplifier. The PA provides++2dBm power level | PCO | 5 | PowercontrolbitO, 
into 50Q, with no external matching components required. The AD ee 
(AMPS/DUAL) and the SE (synthesizer enable) bit control the power [pce | 7 ~~~«| ~Powercontroibit2 
up/down of the AMPS mode function. The transition of the TXEN 
signal from low to high turns on the modulator. The falling edge of poe [ a rer cnitnts ———— 
TXEN signal disables-the synthesizer and the modulator. 9 
Synthesizer Operation <2 = 


The SA900 synthesizer is comprised of the differential VCO circuit, . a pMide pe 
with external tank components, the Gilbert cell multiplier phase 12 Divide N bit 1 
detector with programmable charge pump current, crystal oscillator apes AMPS/DUAL mode select bit 


and programmable prescalers. The charge pump output drives an SS SS ee 
external second order loop filter. The output of the loop filter is used 

to provide the control voltage to the VCO tuning varactor tc — oe 
complete the PLL synthesizer. The synthesized VCO output SM1 
frequency is mixed with the TXLO signal to generate the transmit LO 
from the lower sideband (the difference of the VCO and TXLO X 
frequencies). The output of VCO is fed to a programmable /N ae 

prescaler with user selectable divides of 6, 7, 8 see 9 (all divides ¥ 





configured to provide 50% duty cycle). The output of the /N divider NA NA 
drives the A8/1 prescaler. The A8/1 divide is selected by the AD NA NA 


control bit (AD=1 for /1, and AD=0 for /8). The output of the divide N N 
A8/1 is fed into one input of the phase detector. The reference input NA NA 
for the phase comparator is generated from the crystal oscillator 

(XO) output from the B8/1 prescaler. The B8/1 divide is selected by A 24 (LSB) | NA 
the AD control bit (AD=0 for /8, and AD=1 for /1). The phase 
detector compares the prescaled XO reference phase to the VCO 

prescaled phase, to generate a charge pump output current 

proportional to the phase error. The phase detector, a Gilbert cell 

multiplier type, having a linear output from 0 to x (x/2 + n/2). The 

charge pump peak output current is programmable from 100A for 

the AMPS mode (AD=0) to a maximum of 6.4mA for the DUAL 

mode (AD=1) by way of an external current setting resistor placed 

from Ipeak to circuit ground. The typical loop filter network 
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is shown in Figure 1. The charge pump current output is 
programmed by 


1.25V 
AD = 0 iene -6- (2) 
SET 


1.25V 
24.[—* 
( | 


where Reger is placed between Ipgeax and GROUND. 


AD = 1 eis 


The PLL frequency is determined by 
A8 
~ 
VCO = XO: N* Ba. 
FF) 
where N=6, 7, 8, 9 and A8/1 and B8/1 are controlled by the AD bit 
(AD=1 A8/1 and B8/1 are divide by 1, AD=0 A8/1 and B8/1 are 
divide 8). 


VCO Operation 

The VCO is designed to operate from 90MHz to 140MHz. The VCO 
tank is configured using a parallel inductor and a dual common 
cathode tuning varactor diodes. DC blocking capacitors are used to 
isolate the varactor 

control voltage from the VCO tank DC bias voltages. The VCO 
tuning voltage is generated from the output of the PLL loop filter. 
The VCO tank configuration is shown in Figure 2. 


Crystal Oscillator (XO) Operation 

For cellular radio applications, the SA900 will most likely utilize an 
external reference TCXO in order to provide the frequency stability 
necessary to operate to system requirements. The output of the 
system TCXO can be AC coupled to the XTAL_1 input. However, 
for applications that do not require such accuracy the XO circuit can 
be configured as a Colpitts type oscillator with the addition of two 
external capacitors along with the reference crystal and a trim 
capacitor as shown in Figure 3. 


Programmable Clock Outputs 

The SA900 generates three buffered XO outputs used for external 
reference signals. The XO feeds three sets of programmable 
prescalers, the prescaler outputs are buffered to provide the CLK1, 
CLK2 and MCLK signals. The CLK1 signal is a selectable divide 3/1 
(X=1 divide 3, X=0 divide 1), 50% duty cycle, of the XO reference 
signal. The CLK2 signal is a selectable divide 2/1 (Y=1 divide 2, 
Y=0 divide 1), 50% duty cycle, of the XO reference signal. The 
MCLK signal is a selectable divide 4/5/1 (CLKSET = Vcc divide 4, 
CLKSET = Vc¢c/2 divide 5, and CLKSET = OV divide 1), 50% duty 
cycle, of the XO reference signal. MCLK is externally set by means 
of the tri-level CLKSET input to provide a default master system 
clock prior to programming the SA900. 


Programming Operation 

The SA900 is configured by means of a 3-wire input (CLOCK, 
STROBE, DATA) to program the AMPS and DUAL modes, in 
addition there are two power saving modes of operation, SLEEP and 
STANDBY. The control logic section of the SA900 is designed using 
low power CMOS logic. During SLEEP mode only the circuitry 
required to provide a master clock (MCLK) to the digital portion of 
the system is enabled. During the STANDBY mode of operation 
MCLK, CLK1 and the TXLO and buffered LO outputs are powered 
on, which may be the case when the system is in the receive only 
mode. In the AMPS or DUAL operational modes all functions of the 
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SA900 are powered on to support receive, transmit and system 
clock functions. The programming of the SA900 is identical to the 
programming format of the SA7025 low-voltage 1GHz fractional-N 
synthesizer, that can be used in conjunction with the SA900 to 
provide the cellular radio channel selection. 


The programming data is structured as a 24 bit long serial data 
word; the word includes 4 address bits (dedicated 1 0 1 1) for chip 
select. Data bits are shifted in on the leading edge of the clock, with 
the least significant bit (LSB) first and the most significant bit (MSB) 
last. Table 2 shows data word format, the 15th and last 5 bits are 
not used. Figure 4 shows the chip timing diagram. 


Address 
AO Al A2 A3 
1 0 1 1 
Divide By N 
NO Ni Divide 
0 0 6 
1 0 7 
0 1 8 
1 1 9 
AMPS/DUAL Mode 


The A/D mode select enables or disables that portion of the circuitry 
used for either the AMPS or DUAL mode of operation. . 


AD Mode 
0 AMPS 
1 DUAL 


Synthesizer Enable 
The SE bit turns on and off the synthesizer circuitry. 


SE Operation” 
0 Disabled 
1 Enabled 
Sleep Mode 1 


The SM1 bit is used to power down the TXLO buffer, the divide 3/1 
prescaler and the CLK1 output buffer. 


SM1 Operation 
0 Power down 
1 Power up (STANDBY) 
Sleep Mode 2 


The SM2 bit is used to power down the divide 2/1 prescaler and the 
CLK2. 


SM2 Operation 
0 Power down 
1 Power up (with 
SM1=1 normal 
operation) 


Divide 3 

Operation 
Divide 1 
Divide 3 


+0 DK 


Divide 2 

Operation 
Divide 1 
Divide 2 
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Table 3. Power Control 
Atten (dB) PCO PC1 PC3 
(0.6dB) | (1.3dB) (5.0dB) 


PC2 
(2.5dB) 


PC4 PC5 
(10.0dB) | (20.0dB) 


o~opoto fe ]o fo 
a 
ie ae ee 


0.6 
1.3 
1.9 
2.5 
3.2 
3.8 
4.4 














Designator 


Typical Filter Network 


. R2 
PHSOUT > 
i R1 





a wa 
» [I 





Figure 1. PLL Loop Filter 


——\AA—__ (AMPS MODULATION) 








TANK 1 ; eee C1 = C2 = 33pF 
vco ~ Z 
C3 = 12pF 
_ 1 L1 = 82nH 
2n ¥LIC’ VR1 TOKO KV1470 
i] 
c-a+(F+b+—5) 
Ci “C2 ~ CVRI 














TANK_2 Sn 
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oe 


= 
XTAL_2 <—__—_—_+ i 


C2 





Figure 3. Crystal Oscillator Configuration 
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Ty a 





ED TS) ee nana 


Figure 4. Chip in Diagram 


Soro , 








TYPICAL VALUES TYPICAL VALUES 
L1 = 39nH . L3 = 12nH 
L2 = 22nH C1 = 1.5pF 





Figure 5. DUALTX Output Matching 
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Figure 6. SA900 Application Circuit 
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PERFORMANCE CHARACTERISTICS 
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SUPPRESSION (dBc) 





DUALTX Carrier Suppression vs. Frequency 
(Vcc = 4.8, TXLO = —10dBm Single Sideband Mode, 



















FREQUENCY (MHz) 


With Respect to Lower Sideband) 











DUALTX Sideband Suppression vs. Frequency 
(Vcc = 4.8, TXLO = -10dBm Single Sideband Mode, 
With Respect to Lower Sideband) 


—30.00 


—35.00 





—40.00 





FREQUENCY (MHz) 


SA900 





mM T = +85°C 
—O— T= 427°C 
—@— T = -45°C 




















ATTENUATION (dB) 





-55.00 


DUALTX Carrier Suppression vs VGA Range 
(27°C, f = 836MHz, TXLO = -—10dBm) 
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VGA 6-BIT WORD VALUE (LSBs) 
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—i Vv =4.5V 
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INTRODUCTION 


, , : s(t) = A(t) cos [wct + $(t)] (EQ. 1) 
The SAS900 (Figure 1) is a truly universal in-phase and quadrature 

(I/Q) radio transmitter that can perform many types of analog and where A(t) is the signal envelope and 9(t) is the phase. By using the 
digital modulation including AM, FM, SSB, QAM, BPSK, QPSK, trigonometric identities, we can represent EQ. 1 in rectangular form 
FSK, etc. It is a highly integrated system which saves space and by 

cost for the manufacturers producing cellular and wireless products. = 

The device allows baseband signals to directly modulate the I/Q s(t) = I(t) cos [wet] — Q(t) sin [wel] (EQ. 2) 
carriers, which are generated by internal phase shift network, in the I(t) = A(t)cos[o(t)] 

1GHz range, and to maintain good linearity required for linear A(t) = A(t)sin[o(t)] 


modulation scheme (e.g., 7/4-DQPSK). It contains an on-chip 
frequency divider, phase detector, and VCO, which can be built into 
a phase-locked loop (PLL) frequency synthesizer to create a 
transmit offset frequency. Its unique internal design allows 
frequency conversion without having an external image rejection 
filter for eliminating the sum term after mixing. The SA900 meets 
the specifications required by the |S-54, the industry standard for 
North America Digital Cellular (NADC) system. This application 
note reviews the basic concept of |/Q modulation and discusses the 
key points when designing the SA900 for an RF transmitter. 


Since the baseband signals I(t) and Q(t) modulate two exactly 90° 
out-of-phase carriers cos(W,t) and -sin(wct) respectively, we call the 
system implementing EQ. 2 an in-phase and quadrature (I/Q) 
modulator. Figure 2 shows the mathematics and hardware 
implementation of an I/Q modulator. 


The local oscillator, usually a VCO within a PLL, generates the - 
carrier and is split into two equal signals. One goes directly into a 
double-balanced mixer to form the I-channel and the other one goes 
into the other mixer via a 90° phase shifter (realized by passive 
elements) to provide the Q-channel. The baseband signals I(t) and 
Q(t), either analog or digital in nature, modulate the carrier to 
produce the | and Q components which are finally combined to form 
the desired RF transmitting signal. Since any RF signal can be 

//Q MODULATION represented in the I/Q form, any modulation scheme can be 

Any bandpass RF signals can be represented in polar form by implemented by an I/Q modulator. 
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Figure 1. SA900 Transmit Modulator 
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s(t) = A(t) cos [ Wot + O(t) ] 


=| Ait) cos [ o(t) ]| [ cos (wot) ] +} A(t) sin.[ p(t) 1) [— sin(wot)] 


it) 









CARRIER 


Q(t) 


Figure 2. Mathematical Representation and Hardware 
Implementation of I/Q Modulator 








Linear Digital Modulation 

Linear digital modulation techniques depend on varying the phase 
and/or magnitude of an analog carrier according to some digital 
information: ones and zeros. This digital information can be the 
output of an analog-to-digital converter (e.g. voice codec), or it can 
be digital data in some standard formats (e.g. ASCII). The most 
popular digital signaling format is non return-to-zero (NRZ), where 
1s and Os are converted into signal with amplitude of 1 and -1, 
respectively, in a symbol duration. Since NRZ signal has infinite 
bandwidth, transmit filters have to be used to limit the spectral 
spreading. To ensure each NRZ symbol does not smear into its 
neighbors due to low-pass filtering and channel distortion causing 
inter-symbol interference (ISI), the frequency response of the 
low-pass filter has to satisfy Nyquist criteria. One example of this 
type of filter is the linear phase square-root-raised cosine filter. 
Together with the same type of filter for receive low-pass filtering, 
the signal is guaranteed ISI free in a Gaussian environment. One 
straight-forward technique of transmitting these bandlimited signals 
through communication channels would be applying it directly to the 
mixer of the I-channel to generate the RF signal. This is known as 
binary phase shift keying (BPSK), where the phase of the carrier is 
shifted 180° to transmit a data change from 0 to 1 or 1 to 0. 


Quadrature or quaternary phase shift keying (QPSK) is a much 
more common type of modulation scheme used in mobile and 
satellite communications. It has four possible states (90° apart) and 
each of them represents two bits of data. Figure 3 shows the 
baseband generator for QPSK (without the differential phase 
encoder). NRZ data bits go through the serial-to-parallel converter 
(see Figure 4) and are mapped in accordance to some rules to 
generate | and Q values. The generic rule will be the values of | 
and Q components are 1 and 1 for the data bits “11” (45°) and -1 
and -1 for the data bits “OO” (-135°). These discrete signals have to 
be bandlimited by Nyquist low-pass filters to be ISI free. 


A more sophisticated way of mapping results in 2/4-DQPSK (D for 
differential encoding), which is chosen for North America Digital 
Cellular (1S-54), Personal Digital Cellular (PDC) in Japan, and 
Personal Handy Phone System (PHS) in Japan. In this scheme, 
consecutive pairs of bits are encoded inio one of the four possible 
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phases: 1/4 for “11”, 37/4 for “O01”, -32/4 for “00”, and -7/4 for “10”. 
However, unlike the previous case that “11” is always 2/4 and “OO” is 
always -37/4, the encoded phases are the degrees that the carrier 
has to shift at each sampling instances. Thus, the information is 
contained in the phase difference (differential) instead of absoiute 
phase for 7/4-DQPSK. : 


; 















Differential 








Serial I(t) 
to 


Parallel 


1 Tx Filter 


Tx Filter 







NRZ Data Phase Encoder 





for 
t /4-DQPSK 









, 


Q(t) 








Figure 3. QPSK and 7/4-DQPSK Baseband Generator 








Tb: bit period 
Ts: symbol perio 





Figure 4. Serial-to-Parallel Conversion 








A better way to tell the difference between QPSK and n/4-DQPSK is 
by looking at the signal constellation diagram, shown in Figure 5, 
which displays the possible values of | and Q vectors and change of 
states. Constellation diagram is also known as phase diagram 
because it shows the phase of the carrier at the sampling point. 
Notice that the phases of QPSK are assigned for every two bits of 
data; therefore, it can transmit twice as much information as BPSK 
in a given bandwidth, i.e., more bandwidth efficient. 8-PSK is 
another type of modulation used for high efficiency requirements. It 
maps three bits into 8 phases, 45° apart, in the constellation. More 
spectral efficient modulation can be created by mapping more bits 
into one phase at each sampling point. However, as you put more 
dots in the signal consteilation, the signal susceptibility to noise is 
lower because the decision distance is shorter (dots are closer). 
Then, it requires higher carrier-to-noise (C/N) ratio to maintain the 
same bit error rate (BER). 


One common misconception is that since 2/4-DQPSK has 8 states 
in the constellation, it is just another type of 8-PSK. Notice that at 
every sampling instant, the carrier of 2/4-DQPSK is only allowed to 
switch to one of the 4 possible states (see Figure 5). So, we still 
have two data bits which get encoded into 4 phases. Thus, it has 
the same spectral efficiency as QPSK for the same carrier power. 
The reason for using this modulation scheme is twofold. First, the 
envelope fluctuation, which causes spectral spreading due to 
nonlinearity of transmitter and amplifier, is reduced because the 
maximum phase shift is 135° instead of 180°. Second, the signal 
can be demodulated non-coherently which simplifies the receiver 
circuitry by eliminating the need for carrier recovery. 
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Figure 5. Signal Constellation of QPSK and 7/4-DQPSK 








Digital and Analog FM 

Another family of digital modulation is categorized by frequency 
change of the carrier instead of phase and/or amplitude change. 
One of them is frequency shift keying (FSK), where the carrier 
switches between two frequencies. FSK is also known as digital FM 
because it can be generated by feeding the NRZ data stream into an 
analog VCO. FSK appears as a unit circle in the signal constellation 
because the RF signal envelope is constant and the phase is 
continuous. Baseband filtering is usually applied for FSK to limit the 
RF bandwidth of the signal so that more channels can fit into a given 
frequency band. 


One common modulation of this type is known as Gaussian 
minimum shift Keying (GMSK), which is used for GSM and some 
other wireless applications. GMSK can be generated by following 
its definition: bandlimit the NRZ data stream by a Gaussian low-pass 
filter, then modulate a VCO with modulation index { 2 x frequency 
deviation/bit rate) set to 0.5. In other words, the single-sided 
frequency deviation is one fourth of the bit rate (Af = R/4). 


Another way of generating GMSK is by I/Q modulator. Referring 
back to EQ. 2, any RF signai can be split into | and Q components. 
Unlike the QPSK mentioned before, baseband I(t) and Q(t) are not 
discrete points for FM signals; rather, they are continuous functions 
of time. The way to produce FM is shown in Figure 6. We first store 
all the possible values of cos[(t)] and sin[o(t)] in a ROM lookup 
table, which will be addressed by the incoming data to generate the | 
and Q samples. The output data from the ROM is then applied to 
D/A converters, after low-pass filtering for signal smoothing, to 
produce the analog baseband | and Q signals. This method 
guarantees the modulation index to be exactly 0.5, which is required 
for coherent detection of GMSK (e.g. GSM system). The same I/Q 
principle can also be applied to generating analog FM signals. 


Lowpass 
Filter 
Lowpass 
Filter Qit) 


Figure 6. Digital FM (e.g. GMSK) Baseband I/Q Generator 
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Single sideband AM (SSB-AM) 

AM signals can be divided into 3 types: the conventional AM, double 
sideband suppressed carrier AM (DSB-AM) and SSB-AM. The first 
type is not attractive because for 100% modulation, two-thirds of the 
transmit signal power appears in the carrier, which itself conveys no 
information at all. By using a balanced mixer (e.g. Gilbert cell), one 
can generate DSB-AM, where the carrier is totally suppressed and 
only the upper and lower sidebands are present. However, this is 
still not the best because the information is transmitted twice, once 
in each sideband. To further increase the efficiency of transmission, 
only one sideband is needed to deliver the information. The 


December 6, 1994 


1021 





SSB-AM can be generated by an I/Q modulator with the baseband 
information feeding the modulator (by quadrature), as shown in 
Figure 7. This modulation technique can greatly reduce the 
bandwidth of the signal and allows more signals to be transmitted in 
a given frequency band. This topic is discussed in detail in Philips 
RF application note, #AN1981, “New low-power single sideband 
circuits”. 

I(t) 


AUDIO 
SIGNAL 


Q(t) 


Figure 7. Baseband Processing for SSB-AM 











SYSTEM ARCHITECTURE 

There are usually two schemes, the dual conversion and direct 
conversion, used for implementing transmit modulators. Dual 
conversion is simpler to implement by modulating an oscillator at 
lower frequency and then up-converting to the carrier frequency. 
This scheme, however, is more expensive due to the need for 
additional filtering and more PC board space. By using only one. 
mixer, direct conversion requires fewer components but is harder to 
implement. 


The problems that direct conversion suffers are carrier leakage and 
modulated signal coupling. Poor RF isolation of the surface mount 
packages will allow the carrier to be present at the transmitter output 
thus making it difficult to have -40dBc carrier suppression. In 
addition to that, modulated RF signal would couple back to the 
oscillator (usually a VCO in a PLL synthesizer loop) and cause 
modulation distortion. 


Based on the concept of dual conversion, the SA900 uses an image 
rejection mixer to eliminate the need for IF filtering and allow 
monolithic integration. The transmit carrier (LO) is down-converted 
by the frequency synthesized by the on-chip VCO, which operates 
from 90 to 140MHz. This LO is then modulated by the baseband |/Q 
signals to obtain a complex modulation scheme. The image (sum 
term) after mixing and LO is sufficiently suppressed by the image 
rejection mixer. Any residual amounts can be further suppressed by 
an external duplex filter. 


Figures 8 and 9, respectively, show how the SA900 can be used in 
frequency division duplex (FDD) and time division duplex (TDD) 
transceivers. Notice that the LO for both systems is running at a 
frequency which is higher than the transmit frequency, thus 
minimizing carrier leakage. In the FDD system only one external 
VCO is required for generating both transmit and receive LO when 
using the SA900. 


Figure 10 shows the IS-54 front-end chip set which consists of the 
SA601, SA7025, SA900, and SA637. This receiver architecture 
(SA637) supports a digital magnitude/phase baseband demodulator. 
An alternate configuration will be using the SA606 FM/IF receiver in 
conjunction with an external I/(Q demodulator IC. The following table 
shows the possible configurations for the IS-54 handsets using the 
SA900 as transmitters. 


On-Chip VCO | On-Chip +N Crystal 
Frequency Value Frequency 


83.16MHz 128.16MHz 21.36MHz 


A5MHz 90MHz 
84.6MHz 129.6MHz 


15MHz 
14.4MHz 


71.64MHz | 116.64MHz | 6 ~— | 19.44MHz 
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Figute 8: FDD System Using SA900 
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Figure 10. IS-54 front-end chip set from Philips 
DESIGNING WITH THE SAS00 recommended due to the degradation in carrier suppression (more 
; than 10dB compared to differential). In addition, the entire noise 
Baseband I/Q Inputs performance of the device will suffer. Voc /2. should be applied to |2 
The baseband modulation inputs are designed to be driven and Q2 pins if the part is driven single-endedly. 
differentially for the SA900 to operate at its best. The | and Q inputs Transmit Local Oscillator 
should have a DC offset of Vcc /2, which is externally provided by The transmit local oscillator path consists of a TXLO input buffer, LO 
common DSP chips. If all four inputs are Hoeee from the same output buffer, VCO, image rejection mixer and phase shift network. 
source, the device can tolerate +0.5Vp¢ error; however, inaccuracy Together with a few external components, this section provides the | 
of DC bias between |1/l2 or Q1/Q2 causes reduced suppression of and Q carrier for modulation. 


the carrier. Thus, it is important to have a well regulated DC supply 
for | and Q signal biasing. The bandwidth of the inputs is much 
higher than the specified 2MHz. Approximately 2dB of power loss 
will be experienced if the | and Q inputs are 50MHz. 


The TXLO inputs and LO outputs are designed to be used in an 
external PLL which synthesizes different frequencies for channel 
selection. The RF signal being generated is fed into TXLO inputs 
and then comes out of LO outputs to complete the system 


The SA900 generates a minimum of OdBm of power to a 50 load synthesizer loop. The TXLO inputs are differential in nature and 
when the amplitude of the | and Q signals are 400MVp-p. The have a VSWR of 2:1 with input impedance of 50Q. Single-ended 
output power will decrease by 6dB for every 50% decrease in |/Q sources can be used by AC grounding the TXLO_2, as done on the 
amplitude. Single-ended | and Q sources can be used but are not demoboard. This signal should also be AC coupled into the 
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TXLO_1. The frequency range for these inputs is from 900 to 
1040MHz while the input power should be between -10 to -13dBm. 
The output level will be changed significantly if the input level is 
below -25dBm. 


The output power of the LO buffered signal changes by about 2dB 
when the SA900 is in a different mode of operation. Typical values 
are -13.5dBm and -15.5dBm for DUAL mode and STANDBY mode, 
respectively. a 


The 90° phase shift network, realized by RC networks, is capable of 
operating over a wide frequency range. Even though their 
frequency characteristics are optimized for cellular band, the part 
can also be used in*other applications in a different band. In such 
cases, designers have to test the part experimentally to find out the 
performance, such as sideband suppression, carrier suppression, 
and image rejection. 


Crystal Oscillator 

The crystal oscillator (XTAL_1 and XTAL_2 pins) is used to provide 
reference frequency between 10 and 45MHz for the phase detector 
and the three on-chip clocks. It can be configured as a crystal 
oscillator using external crystal and capacitors, or it can be driven by 
an external source. In the latter case, pin XTAL_2 can be left 
floating. Information regarding crystal oscillator design can be found 
in Philips RF application note, #AN 1982, “Apply the Oscillator of the 
NE602 in Low-Power Mixer Applications.” 


vco 

The VCO, together with the phase detector, the divider and external 
low-pass filter, can form a PLL for the transmit offset frequency. The 
image reject mixer down-converts the TXLO signal to the RF carrier 
by the amount of VCO frequency. Thus, the TXLO frequency should 
be the desired channel frequency plus the IF offset generated by the 
VCO. Notice that the part will not function if the VCO section is not 
used. 


The VCO is designed for generating IF frequency between 90MHz 
and 140MHz. Together with an external varactor diode and 


resonator, it can be configured as an oscillator as shown in Figure 
11. 


TANK 1 <€ | | 
C4 wi 
a V 
Co 
TANK 2 <€ | 


Figure 11. VCO Tank Circuit 























The resonant frequency of such a circuit is 
1 


oa Ge (EQ. 3) 


fvco = 
where Cy = (C // Co // Cy) + C3, Cy is a varactor diode of which 
capacitance changes linearly with the voltage across it. 


Caiculation: 

Cy = Co = 33pF 

Cz = 5.6pF 

Cy = 33.5pF @ 2.5V 

L = 100nH 

Cr = 5.6 + (1/33 + 1/33 + 1/33.5)1 = 16.7pF 
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1 
f = eS = «123M 
VCO 2m (100e-9 + 16.7¢e-12)95 
On the demoboard, a 1:1 ratio RF transformer is also included to 
allow single-ended external source driving differential inputs when 
the VCO is not used. . 


When designing the VCO, careful PCB layout has to be made. 
Traces have to be short to avoid the parasitic capacitance and 
inductance which may cause unwanted oscillation. Referring to EQ. 
3, there is a large combination of L and Cr values that will give the 
same resonant frequency. If undesired spurs are found in the 
design due to PCB layout, experimenting with a different set of LC 
values may sometimes soive the problem. 


Output impedance matching 

The equivalent output impedance at the DUALTX pin is 
approximately equal to G00Q in parallel with 2pF at 830MHz. It has 
to be matched properly to generate maximum power into a 50Q load 
(e.g. SAW filter). Figure 12 shows the recommended matching 
network. The shunt inductor (L1) is used to provide maximum swing 
at the output (short at DC) and also provide reactance to make the 
real impedance 50Q looking into the matching network. The 
remaining negative reactance is canceled by the series inductor 
(L2). The values used on the demoboard can be used as a 
reference but may not be suitable if a different layout is 
implemented. The two shunt capacitors are included to bypass the 
high frequency RF signal, avoiding direct coupling into Vcc. The 
series AC coupling capacitor is used to maintain the proper bias for 
the output stage. Their values are big enough to be left out in 
impedance matching calculation. 








TYPICAL VALUES 
L1 = 39nH 
L2 = 22nH 





50Q 


Figure 12. DUALTX Output Matching Network 











Using a network analyzer to measure the S characteristic is 
necessary for obtaining optimum matching which generates 
maximum output power. Figure 13a-d shows how to match the 
output impedance to a 50Q load at 915MHz. First, calibrate the 
network analyzer to the DUALTX SMA connector on the demoboard. 
Then, short the point where the series inductor is located and use 
the DELAY feature of the network analyzer to move the point of 
reference in the Smith Chart to the leftmost point. Now the network 
analyzer is calibrated to the beginning of the matching network, not 
just the SMA connector. The frequency response (Figure 13a) 
shows that the “dip” is around 830MHz, the frequency where the 
board was originally matched. The Smith Chart shows that it 
requires less inductance to bring the marker to the center of the 
chart (502). By using a 15nH series inductor, the “dip” was moved 
closer to 915MHz (-15dB) and a better matching is achieved (Figure 
13b). 
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Figure 13. 





On-Chip Clocks 

The crystal oscillator is buffered to provide three external clock 
signals: CLK1, CLK2, and MCLK. Table 1 shows the divide ratio 
and the controlling mechanism: 


Table 4. 


divide by 3 X (bit 18) = 1 
CLK1 = = 
divide by 1 X (bit 18) = 0 
divide by 2 Y (bit 19) =1 
CLK2 = : — 
divide by 1 Y (bit 19) = 0 
a C rae 










divide by 4 LKSET pin = Vcc 
MCLK 






divide by 5 CLKSET pin = Voc/2 
divide by 1 CLKSET pin grounded . 


CLK1 is usually used for the system synthesizer (e.g. SA7025) 
reference. Since MCLK is active all the time, it is ideal for providing 
the master clock for the microcontroller. When the device is in 
STANDBY mode, CLK1 and MCLK provide the clock signals 
necessary for receiving RF signals. CLK2 can also be used as a 
clock for digital signal processing (DSP) chip. 
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Modes of Operation 

The SA900 is intended for either AMPS mode (analog cellular) or 
DUAL mode (digital cellular, |S-54) operation. When the device is 
running in AMPS mode, the I/Q modulator, variable gain amplifier 
(VGA) and phase shifter are disabled. The fixed gain amplifier is 
powered up during AMPS mode operation. However, since the 
divide ratio is too low (6, 7 or 8), the comparison frequency of the 
on-board PLL is too high, making it very difficult for the loop 
bandwidth to be less than 300Hz for analog FM modulation. 


The device includes two power saving modes of operation which 
disable partial circuitry to reduce the power consumption of the 
overall chip. The SLEEP mode disables all the circuitry except the 
master clock (MCLK pin) of the SA900. The STANDBY mode shuts 
down everything except the TXLO buffer, MCLK, and CLK1, which 
allows the system synthesizer (e.g. SA7025) to continue running. 
These two power saving modes are common to both AMPS and 
DUAL mode operation. The SA900 draws 60mA in DUAL mode, 
reduced to 3mA and 8mA, respectively, in SLEEP and STANDBY 
modes. 


TXEN pin is for hardware powering down the modulator and 
synthesizer. The falling edge of the signal disables the modulator 
and synthesizer while the rising edge enables the modulator. To 
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power down the synthesizer using software, send a data word with 
SE bit set to ‘0’ (‘1’ for enable). The synthesizer will be disabled 
right after the strobe signal is transmitted. Either SE or TXEN going 
low will turn off the synthesizer. This operation is common to both 
AMPS and DUAL mode. 
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Figure 14. In-phase and Quadrature Modulation Test 


PERFORMANCE OF THE SA900 


Performance Criteria 

Since the I/Q modulator is a universal transmitter, measuring only 
the frequency stability and modulation index of a generated FM 
signal would not be useful for other modulation schemes. 
Measurement parameters should be general enough so that they 
can represent the performance of modulators when applying 
different types of modulation and allow fair comparisons among 
different I/Q modulators. Based on this idea, two measurement 
techniques, in-phase modulation and quadrature modulation, are 
used for evaluating !/Q modulators. 


The in-phase modulation relies on injecting two equal frequencies 
and phase signals at finog into the | and Q inputs. The result of this 
modulation is two sidebands appearing at fmoq Offset from the 
carrier, with the carrier totally suppressed. This is also known as 
double-sideband (DSB) conversion. The quadrature modulation 
requires two equal frequencies (but 90° out-of-phase signals) being 
injected into the | and Q inputs. The result is a single-sideband 
suppressed carrier (SSB-SC) signal with either the upper or lower 
sideband at fmoq carrier offset being suppressed. This is also known 
as single-sideband (SSB) up-conversion. Figure 14 summarizes 
these two tests. 


In a practical system, imperfection of an I/Q modulator is directly 
related to these two measurements. Sideband and carrier 
suppression from the quadrature modulation test will show the 
amount of gain imbalance, phase imbalance, and DC offset. On the 
other hand, intermodulation product suppression from the in-phase 
modulation test will show the linearity of an I/Q modulator. When 
making measurements, it is important to have well-balanced | and Q 
baseband modulating signals for measurement since the signal 
imperfection will translate into degradation in sideband and carrier 
suppression. 


Performance Graphs 
In making those measurements for the demoboard, the following 
parameters were used: 


In-phase modulation: 


December 6, 1994 


Application note 


AN1892 


PIN 43 11=400mVp.p, DC=Vco/2 at 200kHz, Phase=0° 
PIN 42 12=400mVp.p, DC=Voc/2 at 200kHz, Phase=180° 
PIN 41 Q1=400mVp.p, DC=Voc/2 at 200kHz, Phase=0° 
PIN 40 Q2=400mVp.p, DC=Vo¢/2 at 200kHz, Phase=180° 
Quadrature modulation: 

PIN 43 11=400mVp_p, DC=Voc/2 at 200kHz, Phase=0° 
PIN 42 12-400mVp.p, DC=Vco/2 at 200kHz, Phase=180° 
PIN 41 Q1=400mVp.p, DC=Voc/2 at 200kHz, Phase=90° 
PIN 40 Q2=400mVp.p, DC=Voc/2 at 200kHz, Phase=270° 


Figures 15a and 15b illustrate what the typical output spectrum 
would be if in-phase and quadrature modulation were applied to an 
/Q modulator. Quadrature modulation will produce lower sideband 
(LSB) or upper sideband (USB) signal, depending on the phase 
angle between the | and Q signals. The SA900 was designed to ~ 
have USB suppressed when the | signal is leading the Q signal. The 
undesired signals are carrier breakthrough and the harmonic 
products of the baseband modulating signals sitting at 


fotnfmog, where nis an integer >2. 


Referring to Figure 15a, the output power is 1.3dBm (cable loss = 
0.7dB) for the LSB while better than -38dBc of carrier, sideband, and 
harmonics suppression is measured. The USB better than -26dBc 
implies the residual AM of the transmit signal is better than 5%, a 
requirement of the IS-54 specification. 
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Figure 15. 





In-phase modulation test will generate both LSB and USB. Beside 
these two tones, the carrier breakthrough and the harmonics, 
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intermodulation (IM) products will all appear at the output. The odd 
IM products are dominant, and they satisfy the following rules: 


Let f, = fo - trod: fo = is + fmod 


Srd order IM: 2f; - fo = fe - 3fmoa, 2fo - fy = fo + 3fmod 
SthorderIM: = 3f; - 2fo = fo - Sfmoa: Sfo - 2f; = fo + Sfmod 
7th order IM: 4f; - 3fo = fo - 7fmoa: 4fo - 3fy = fe + 7fmod 


Referring to Figure 15b, both LSB and USB are’-1.6dBm (cable loss 
= 0.7dB) in power, which is 3dB less than the measured power for 
the quadrature modulation test. The IM3 is better than -35dBc. 
Much higher order IM products are totally suppressed. 


le 


Amplitude and phase unbalance 

Both amplitude and phase unbalance (error) of an I/Q modulator can 
be calculated directly from the SSB performance plots. Assume 
phase error equals ¢ radian and amplitude error equals K, the 
sideband suppression, X, in dBc can be expressed as follows (see 
APPENDIX for derivation): 


SSB suppression, X(dBc) (EQ. 4) 


K? + 2:K-: cos(h) + 1 
re ee 4) 


Collecting the like terms and express ¢ in terms of K and X, it 
becomes: 
~4 (10%/10. K2 + 40x/10 — 4 - ) 

= cos a (EQ25) 
° ( 2-K + 2-K- 10%/10 
For a given X, there will be a set of and K that satisfies EQ. 5. We 
can represent this relationship graphically, as shown in Figure 16. 
The contours show the phase and amplitude errors for SSB 
suppression, X, from -44 to -26dBc. When X equals -40dBc, phase 
error is less than 1.2° with a OdB amplitude error. By the same 
token, the amplitude error is less than 0.2dB with a 0° phase error. 





——_ 


PHASE ERROR (DEG) 





0.2 


03 04 0.5 0.6 0.7 608 0.9 


GAIN ERROR (dB) 
Figure 16. SSB Suppression Contours 











Spectral mask 

To fully characterize the performance of an !/Q modulator, 
measurements of the power spectral density of various digital 
modulation schemes have to be made. Figures 17a and 17b show 
the measured spectral masks of IS-54 and PDC standards, which 
designate 2/4-DQPSK as the modulation format. 
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Figure 17. 





GMSK is a digital modulation scheme widely used for wireless and 
mobile communications. Figure 17c shows the spectral mask of the 
modulation format required by GSM, the digital cellular standard in 
Europe. At 200kHz and 300kHz carrier offset, the power of the 
signal is suppressed by 46dB and 58aB, respectively, which is well 
within the GSM specification. 
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Power ON time 

The power ON time for the SA900 is mainly determined by the loop 
bandwidth of the on-board PLL frequency synthesizer. It can be 
measured by using the HP 53310A Modulation Domain Analyzer set 
to the EXTERNAL TRIGGERED mode. The STROBE signal from 
3-wire bus is used to trigger the equipment. Figure 18 shows that 
the part can be powered up and locked in about 62s. 
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Figure 18. Power ON Time Measurement 
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ISM band application 

The FCC has recently assigned three bands for ISM type of 
application. The one below 1GHz is from 902 to 928MHz. This 
band becomes very attractive because users are allowed, without 
having a license, to transmit up to 1 Watt of power when frequency 
hopping or direct sequence CDMA is used. The wide bandwidth 
nature of the SA900 fits well into this application. Figures 19a and 
19b are the output spectrum of the SA900 showing how well the 
image reject mixer works. A common IF (45MHz) was chosen to be 
the offset frequency, and then injected externally into the VCO pins. 
The closest images are sitting at 45MHz apart and are better than 
-36dBc. 


COMPONENTS FUNCTION 
C241, C242, C243, C245, C246 - Supply bypassing capacitors 


C247 - provides AC ground for TXLO2 pin 

C249 - AC couples an external signal into TXLO1 pin 
C253, C254, C255 - part of the LC tank circuit 

C263 - AC couples an external signal into XTAL1 pin 
C267, C269 - part of the PLL low-pass filter 

C281, C287, C288 - AC coupling capacitors for the clocks 
C301 - AC coupling capacitor for the DUALTX pin 

C305, C306 - Bypass RF signal coming from DUALTX pin 
C312, C313, C314 - AC coupling capacitors 


C370, C371 - AC couples an external signal into TANK1 and TANK2 
pins when on-board PLL is not used 


L252 - part of the LC tank circuit 

L304, L372 - matching network for the DUALTX output 
R260 - termination resistor 

R262 - current setting resistor for the charge pump 
R264, R266 - part of the PLL low-pass filter 

R274 - jumper 
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Figure 19. Output Spectrum of the SA900 in the ISM Band 





R349, R350 - make up a voltage divider for selecting divide ratio of 
the MCLK . 


R352 - termination resistor 


R333, 358 - isolation resistors between the LC tank and the PLL 
low-pass filter 


FREQUENTLY ASKED QUESTIONS 

Q. What is the bandwidth of the phase shifter for generating I/Q 
Carriers? 

A. The bandwidth is between 820 and 920MHz. The partis still 
functional below 820MHz and above 920MHz, but the carrier and 
sideband suppression are not guaranteed. In addition, the 
DUALTX output matching network needs to be optimized for a 
different frequency. 


Q. Can i frequency modulate (FM) the on-board VCO to generate 
RF signal for AMPS system? 

A. Since the divide ratio for the VCO is too low, it is very difficult to 
obtain the required loop bandwidth (<300Hz) to do AMPS 
modulation. 


Q. What signals constitute the spurious output referred to under the 
DUALTX function of the AC electrical characteristics in the data 
sheet? 

A. Those spurs could be N*TXLO, N*VCO, TXLO+VCO, N*XO, and 
TXLO +N*VCO. 


Q. Can external circuitry be added or modified to reduce the 
broadband noise floor below -136dBm/Hz? 
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A. Customers can put a bandpass SAW filter at the output of the 
TXLO to improve the broadband noise floor. 


. Can the SA900 generate BPSK signal? 
A. Yes, it can. Feed the baseband signal into |1 and |2 and leave 
Q1 and Q2 open or tie them to Vcc /2. 


. What is the response of the image rejection filter? 
A. |tis actually a SSB mixer; not an image rejection filter. 


. What happens if the VCO is not used? 
A. There will not be any signal at the DUALTX and AMPS output if 
the VCO is not used. 


REFERENCES: 

“Implementation of a 900 MHz Transmitter System Using Highly 
Integrated ASIC”, Wing S. Djen and Prasanna M. Shah, 
Proceedings of the 44th IEEE Vehicular Technology Conference, 
June 1994, pp. 1341-1345. 


“Digital and Analog Communications Systems,” Leon W. Couch Il, 
Macmillan, 1990. 


“Cellular System Dual-Mode Mobile Station-Base Station 
Compatibility Standard”, |S-54-B, EIA/TIA, April 1992. 


“Physical Layer on the Radio-Path’, GSM Standard, July 1988. 


“t/4-QPSK MODEMS for Satellite Sound/Data Broadcast Systems”, 
Chia-Liang Liu and Kamilo Feher, IEEE Transactions on 
Broadcasting, March 1991, pp. 1-8. 


“PCD5070 GSM Baseband Interface”, Preliminary specification, 
Philips Semiconductors, September, 1992. 


APPENDIX 

Assume an imperfect I/Q modulator with gain error, K, and phase 
error, 6, modulated by quadrature |/Q signals (SSB up-conversion) 
wm. Then the signal, s(t), at the output of the I/Q modulator 
becomes, 
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s(t) = Kceos(wct + )cos(wmt) — sin(wet)cos(wmt + 90°) 

(EQ. A.1) 
Using trigonometric identity and let we - Om = A and @c + Wm = B, 
we obtain, 


Rcos[At + o] + Scos[Bt + o] + J cogtAt] = 4.cos[Bt] 


2 
(EQ. A.2) 


Assume the information is in LSB, i.e. A, and the spur is the USB, 
i.e., B, we have, 


s(t) = 


1 K 


Signal = cos Acos + pcos A = 9 sinAsind 
(EQ. A.3) 
ene 1 K a; 
Noise = 3 COS BCos } + 3 COs B — 2 sinBsin 
(EQ. A.4) 


To find the power, we have to evaluate the envelope (amplitudeyof 
these two signals. Recall that for any given bandpass signal in 
rectangular form, 


Bandpass signal = X cos at - Y sin at, 
the envelope is 

Envelope = ( X2 + Y@ )0-5 

Therefore, from EQ. A.3 and A.4, 


0.5 
+ (Kin ‘) 


2 

d = K 1 
Signal = (' cosd + 5) 
(EQ. A.5) 


2 
] poeaneny — — a 
Noise = (Seo 4) 


es 


; 0.5 
[K.. 
+ (Ksing) | 
(EQ. A.6) 


Finally, the S/N ratio can be found by taking 20 log the ratio of EQ. 
A.5 and A.6. 


2 
S 24185 (f + 2Kcoso + 


N K2 — 2Kcosg + 1 
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L372 is C307 on the PCB 


C246 combines C240 and C244 on the PCB 


Figure 20. SA900 Demoboard 
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Figure 21. SAS900 Board Layout 
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Table 5. Customer Application Component List for SAS00BE 


[aty. [PartValue [volt | PartReference | _—PartDescription __—‘| Vendor | Mfg | _PartNumber 
Surface Mount Capacitors 


C241, C242, C243, C247, 
C249, C300, C301, C305, 

13 | 100pF 50V C312, C313, C314, C370. Cap. cer. 0603 NPO +5% Garrett Rohm MCH185A101JK 
C371 7 


1000pF C301 Cap. cer. 0603 X7R +10% MCH185C102KK 
2200pF 50V | C267 Cap. cer. 0603 X7R +10% MCH185C222KK 


| 6 |0.01mF [2 | oan cape, C281, C287, | Cap. cer. 0603 X7R +10% Philips | MCH182C103KK 


4.7F C246 ‘Tant. chip cap. B 3528 +10% Philips | 49MC475B010KOAS 


NL C265, C282, C283, C289, 
C292, C294, C295, C299 


Surface Mount Resistors 



































1 1 [02 | | Re274 Res. chip 0603 1/16W +5% MCRO3JWO00E 
Pa [sia [Reso = Res. chip 0608 1716W 25% MCRO3JWS10E 


[1 [ro0n [Rasa Res. chip 0608 Trew a5% | _Garret_| Rohm | MCROaJWIOTE 
[1 [se0n [Rees _———=* Res chip 0608 TTreWa5% | _Garet_| Rohm | MCROSJWSGTE 
Tt [iKa | _[Rs8, R26, Ra33____[ Res. chip 0608 ewa5% | _Garret_| Rohm | MCROSIWI02E 
[sca [rece ——=«d Res. chip 060s reWa5% | Garret_| Rohm | MOROSJWisGE 
(2 [rook | [R09 R350 Res. chip 0608 1rewa5% | Garrett_| Rohm | MCROSIWIO4E 


Surface Mount Diodes 


Pt of | {Dts SMD Diode (Varactor) Digikey | TOKO | KV1470TROO 


Surface Mount Inductors 


0.022nH | — |L372 Inductor SM Mold/WW A J.W. Miller | PM20-RO22M 
0.0391H | — | L304 Inductor SM Mold/WW A J.W. Miller | PM20-RO39M 
0.10uH | =| L252 Inductor SM Mold/WW A JW. Miller | PM20-R10M 


Surface Mount Integrated Circuits 


ee ee es | /Q Transmit modulator Philips Philips | SA9OOBE 


Miscellaneous 


1 K353 RF Transformer Mini- Mini- T1-1 KK81 
Circuits Circuits 
J1,.JS2, JS, J4, 55, J6, J7, SMA Right Angle Jack : : 





























| 5 | |__| JP 1, JP2, JP3, JP4, JP5 —_| straight, dual row | Newark | IPI | 929836-01-36-ND 
FE RS a ee ee eles 
Pt fo TTT Printed circuit board Philips Philips | SA900-30021 









66 Total Parts 
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PCD5032 ADPCM Codec 


PCD5081 Signal Processor — Mobile 
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Baseband Processor Selector Guide 








PCD5040 BMC (Burst Mode Controller) DECT 


GSM 


GSM 


GSM 





~ AMPS 
TACS 


Baseband Processors 


PART TYPE | APPLICATION Ipp PACKAGE 


2./-6.0 


7mA Typ. Active 
20uA Typ. Stdby 


15mA Typ. Active 





28-Pin SO28 
44-Pin QFP 


64-Pin QFP 





5.0 





5.0 


5.0 


5.0 











9A5752 





NE/SA5751 | Audio Filter and Control 


AMPS 
TACS 


Audio Companding VOX and AMPS 
Amplifier 


TACS 


5.0 


2:7 






31mMA Typ. Rx 
7mMA Typ. Tx 


8.4mA Typ. 
1.8mA Stdby 


80-Pin QFP 








160-Pin QFP 





44-Pin QFP 
44-Pin QFP 





24-Pin DIP 
28-Pin SOL 










2.7MA Typ. 
0.9mA Sitdby 


~ 3.1mA Typ. 
125nA Stdby 








24-Pin DIP 
28-Pin SOL 






20-Pin SOL 
20-Pin SSOP 

















PCD5003 


| UMA1000LT 





SA5753 Audio Filter and Control 


PCF5001 POCSAG decoder 


Advanced POCSAG paging 
decoder 





Data processor for cellular 
radio 


AMPS 
TACS 


PAGERS 


GSM 


AMPS 
TACS 
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al § 


1.5 - 6.0 


1:5:=6.0 


3.0 - 5.5 





2.7MA Typ. 
600uUA Stdby 


GOLA Typ. 


501A Typ. (ON) 
251A Typ. (OFF) 


2.5uA Typ. 








20-Pin SOL 
20-Pin SSOP 













28-Pin Mini-Pack| 
32-Pin QFP 







32-Pin TQFP 











28-Pin SOL 
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DESCRIPTION PIN CONFIGURATION 

The NE/SA5750 is a high performance low power audio signal 

processing system. The NE/SA5750 subsystems include a low D1 and N PACKAGE 

noise microphone preamplifier with adustable gain, a noise 

cancellation switching amplifier with adjustable threshold, a voice MICIN NCANQUT 
operated transmitter (VOX) switch, VOX control, an audio PREAMPGRES ] ComPiny 


compressor with buffered input, audio expandor, a unity gain power 
amplifier to drive a speaker, a Summing power amplifier for sidetone 
attenuation and headphone (earpiece) drive, and an internal 

bandgap voltage regulator with power down capability. When used VOXQUT COMPoYT 
with Philips Semiconductors NE/SA5751, the complete audio 


RECTGRES COMPCAP1 
NCANCAP COMPCAP3 








processing function of an AMPS or TACS cellular telephone is easily VOXCTL NES750 COMPCAP2 

implemented. The NE/SA5750 can also be used without the VOXTR vec 

NE/SA5751 in a wide variety of radio communications applications. GND EXPN 

FEATURES VREF EXPQUT 

® High performance HPDN EXPCAP 
SPKROUT SPKRIN 

erie EAROQUT EARIN 


® Adjustable VOX and noise cancellation threshold se 


® Adjustable gain preamplifier 1. Available only in SOL (large SO) package. 





® Audio companding 


BENEFITS 


® ESD protected 
P ® Very compact applications 


® Open collector VOX output 
: i‘ ® Long battery life in portable equipment 


® Logic inputs CMOS compatible 
cd . ® Complete cellular audio function with the SA5751 


® Power down mode 


® Built-in drivers for speaker and earpiece APPLICATIONS 
@ Few external components ® Cellular radio 
® SOL and DIP packages ® Mobile communications” 


®@ High performance cordless telephones 


@ 2-way radio 


ORDERING INFORMATION 


DESCRIPTION "TEMPERATURE RANGE ORDERCODE | DWG# | 
24-Pin Plastic Dual In-Line Package (DIP) 0 to +70°C NE5750N 0411B 
24-Pin Plastic Small Outline Large (SOL) package 0 to +70°C NE5750D 0173D 


24-Pin Plastic Dual In-Line Package (DIP) -40 to +85°C SA5750N 0411B 
24-Pin Plastic Small Outline Large (SOL) package -40 to +85°C SA5750D 0173D 







ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
V Power supply voltage 6 
cc Voltage applied to any pin -0.3 to (Voc + 0.3) 


V 
V 
Storage temperature | | -65 to +150 °C 
C 


Ambient operating temperature 
Ta NE5750 0 to 70 e 
SA5750 -40 to +85 
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s) 
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2) 
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+ 
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Z 
7) 


SYMBOL DESCRIPTION 
MIC | Microphone input 
PREAMPepes 
RECTGREs 
NCANcap 
VOXouT 
VOXcTL 
VOXtR | Voice operated transmission threshold resistor 


GND Ground 


Preamplifier gain resistor 


Reactifier gain resistor 


Noise cancellation timing capacitor 


Voice operated transmission output 


| 


Voice operated transmission control 


VREF Reference voltage 


Hppn Hardware power down 
Speaker output 
Earpiece output 
Earpiece input, side tone input 


SPKRin Speaker input 


Expandor timing capacitor 


Expandor output 

Expandor input 

Positive supply 

Compressor timing capacitor 2 


—_ ff —t 
—| © 





af of of «uf uf of 4] 4 
= OO}; CO] NI oO] oY BY] GST] fo 





20 Compressor output 
2 COMPcap3 Compressor timing capacitor 3 
22 COMP cap4 | Compressor timing capacitor 1 a 
23 Compressor input | 
24 Noise cancellation output 
BLOCK DIAGRAM 
24 23 22 21 20 19 18 14 13 
BUFFER 








17 16 15 
V7 EXPANDOR 
| COMPANDOR 

v : 


Vcc 




















NE/SA5750 





NOISE 
CANCEL 


PREAMP 19% 
BANDGAP 
VOLTAGE REF 








i 














Ty 


tN 
wo 
‘s 
nr 
o 
N 
o0 
© 
cae 
° 
a 
wh 
S) 
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DC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Voc = +5.0V, 0dB = 77.5mMVays. See test circuit, Figure 4. 


SYMBOL PARAMETER TEST CONDITIONS 









LIMITS 
UNIT 
Supply voltage 


No signal 
50 








8.4 12.0 mA 
es 


Zz Load impedance 
L pins NCANoyt, EXPout kQ 


COMP n, MICin, SPKRin 40 50 kQ 
LE AY ene CA Ga EN OB 

[[esecarcstatoncurent® [Pnzowinaea OT 

OI 


NOTES: 

Compressor is tested in production with 50kQ load. 

Not tested in production. 

Offset values are identical for both gain states of noise reduction circuit. 
VOX threshold resistor at Pin 7, R3, should be greater than 3kQ. 





le 
2. 
3. 
4. 


AC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Voc = +5.0V, OdB level = 77.5mMVpys. See test circuit, Figure 4. 










Preamplifier gain range 
Preamplifier voltage gain OdB 
Preamplifier voltage gain 40dB 







Pin 2 open 
Pin 2 AC ground 


Pin 2 AC grounded 
RS = 0 - 50kQ 
unweighted 20Hz-20kHz 














Compandor 1kHz, all tests! 


COMPour | Compressor error at -10dB output level Input level = -20dB i a a ee 


COMPoyt | Compressor error at +12.3dB output level Input level = +24.6dB ee ee ee ee 


















EXPout Expandor error at -42dB output level Input level = -21dB on gil ee es ce] 
EXPout Expandor error at -21dB output level Input level = -10.5dB ee |e Gee ee 
EXPout Expandor error at -10dB output level Input level = -5dB ae ae ee ein 
EXPoyt Expandor error at OdB output level Input level = OdB “1.5 | 0.18 | 15 | oB | 
EXPout Expandor error at +10dB output level Input level = +5dB P 100 ff TB 
EXPout Expandor error at +24.6dB output level? Input level = +12.3dB ee re ea ee 
EXPout Expandor output DC shift No signal to 0dB 
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AC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Voc = +5.0V, OdB level = 77.5mMVpays. See test circuit, Figure 4.. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS — de UNIT 


| Timing capacitorscompandor capacitors compandor 
SS harmonic distortion 
Compressor 1kHz, O0dB 
5 oe 
NCAN-. 1kKHz. Pin 2 open 
OUT output level = 0dB 
1kHz, Pin 2 ian 
Speaker amplifier 
Drive capability mAp.p 
Output swing 


Ear amplifier 
Drive capability MAp.p 
Output swing 
a i 


2 level = collector bee oe Ped 
High level 0.5mA 
VOXcTL Input current 

High -10 +10 

a ee level Low di ‘ 
ae a 5 

Hppn Input current . 10 +10 

High -10 +10 2 

Inputlevel ~ Low 0 4:5 V 
High 35 5 V 

eS ee 


ne Reference filter capacitor 


NOTE: 
1. Measurements are relative to OdB output. 
2. Measurement is absolute and indicative of the output dynamic range capability. 
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NE/SA5S750 
PREAMP 
MICROPHONE 
GAIN a 
CONTROL 
VOX 
SENSITIVITY 
EXPANDOR 
HEADPHONE 








Audio processor - companding and amplifier section 


Filter and Control Section 


NE/SA5751 





TX 
BANDPASS 
FILTER 

















I 


SPEAKER 


Figure 1. Typical Configuration of Audio Processor (APROC) System Chip Set 
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RX i 
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FILTER 
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BUS 
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VOX CONTROL 
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FROM SYSTEM 
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RXCLOCK 





DEMOD DATA 


DATA BLOCK OMS RROCESscn POWER SUPPLY 


TXDATA 








ae 


DCLOCK 
DATA IN 






































RF BLOCK 
AUDIO BLOCK | POWER SUPPLY ENABLE 


























Figure 2. Cellular Radio System 





















































DEMOD DATA , | 5V 
ore 
7.5V 
DATA PROCESSOR i POWER SUPPLY 
.0/ov 4— 
TXEN 5.0/0 
7.5/0V 
DATA 
RF BLOCK | 
NE5750 s NE5751 POWER SUPPLY ENABLE 
SPEAKER 
RSSI MIC 

















CONTROL UNIT 


Figure 3. APROC Application Diagram 


August 17, 1990 1040 


Philips Semiconductors RF Communications Products Product specification 


Audio processor - companding and amplifier section NE/SA5750 


SIDE TONE 


1 See 
NCANOUT 
One ae —0 


220nF BUFFER 220nF 








C12 


C2 
PREAMPGRES + COMPiNn 


R7 
Avset 4.7,F 220nF 


R2 C11 


RECTGRES COMPRESSOR id COMPcaP} 


is 2.2uF = 





C10 


NCANCA ! | poe ones 


220nF 








COMPoOUT 
CO) 





co] , 


2.2uF 


COMPCAP2 

















=} © Vee 


— ial O EXPIN 


2.2uF 





BANDGAP EXP 
VOLTAGE REF EXPANDOR -——-------O OUT 





— C7 _EXPcap 


2.2uUF a 


C5 
+ 
SPKRQUTO | | 11 
ioe! 
C16 











220nF 
= R6 EARIN 


C6 
+ 
EAROUTO—_| - 12 WA——O) 
51k 
10uF R5 —«CSIDE TONE 
| 7 SS ee) 


51k TO PIN 
24 











R4 














Figure 4. NE/SA5750 Test and Application Circuit 
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DESCRIPTION PIN CONFIGURATION 

The NE/SA5751 is a high performance low power CMOS audio N PACKAGE 
signal processing system. The NE/SA5751 subsystems include 
complementary transmit/receive voice band (300-3000Hz), switched 
capacitor bandpass filters with pre-emphasis and de-emphasis 
respectively, a transmit low pass filter, peak deviation limiter for 
transmit, a digitally controlled volume control with 30dB range (in 
2dB steps), audio path mute switches, a programmable DTMF 
generator, power- down circuitry for low current.standby, power-on 
reset capability, and an I@C interface. When the SA5751 is used PREMPIN 
with an SA5750 (companding function), the complete audio 
processing system of an AMPs or TACs cellular telephone is easily 









4| NC 





NC 








VREF 
TXBFIN 


TXLEQUT 
TXDTMFOUT 








TXBFQUT TXSIN 






TXSOQUT 
GND 


















NE5751 








DEMPoytT CLKIN 
implemented. a 
IN SDA 
: SCL 
FEATURES mene 
® Low power peas io 
MUTET RXBFiy 
® High performance MUTER VOX 
CTL 


@ 5V supply 


® Built-in programmable DTMF generator D! Package 





® Built-in digitally controlled volume control NC NC 


® Built-in peak-deviation limit NC NC 
@ |2C Bus controlled VREF TXLFQUT 
TXBF TXDTMF 
® Power-on reset IN oa ea 
TXBFOQUT TXSIN 


® Power-down capabili 
P y PREMP]N TXSQUT 
GND 


CLKIN 





BENEFITS =pD NE5751 


DEMPoYUT 
VCIN 








® Very compact application SDA 


® Long battery life in portable equipment VCouT4 SCL 


SA1 







® Complete ceilular audio function with the SA5750 VCouT2 


MUTET 





‘| RXBFIN 






APPLICATIONS 


® Cellular radio 


MUTER | VOXCTL 


NC 











NC 


® Mobile communications 


NOTE: 
@ High performance cordless telephones 1. Available in SOL (large surface mount) package only. 


@ 2-way radio 


ORDERING INFORMATION 


[______oeSonPTon | TENPERATURERANGE | OnoERGOOE_[ OG 
ESS CE 
[ 28-Pin Plastic Small Outline Large (SOL) package 0 to +70°C 
24-Pin Plastic Dual In-Line Package (DIP) -40t0+85°C | SAS7SIN | 0411B 
28-Pin Plastic Small Outline Large (SOL) package -40to+85°C 
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PIN DESCRIPTIONS 


SYMBOL | DESCRIPTION 


Transmit bandpass filter input 
) TXBFouy ~ | Transmit bandpass filter output 













Yon Pe 9 

3 

; 

(10 Volume control output? 

ag 
a 


4) 
z Vox control srt 


















a. ; ae Serial bus address 
16° (19) a ees Serial clock line 






Serial data line 
18 (21 CLKin Clock input 
A 













aC 
a 

@)[__N6 | Noteomecied 
NOTE: 


1. Callouts are for N package; those in parentheses are for the D (SOL) package. 
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BLOCK DIAGRAM 


NOTES: 


(1) 














2 (3) 
3 (4) 
4 (5) 
5 (6) 
te (7) 
7 (8) 
8 (9) 
9 (10) 
10 (11) 
411 (12) 























(14) | 


POWER 
N 
RESET 








1. T1 to T10 represent the signal path switches. 
2. M1 and M2 represent the mute switches. 

3. PRE and DEE represent the bypass switches for pre-emphasis and de-emphasis, respectively. 
4. B1 to B6 represent the output buffers. 
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19 
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(27) 
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(21) 





(20) 


(19) 
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(17) 





(16) 


(15) 





Philips Semiconductors RF Communications Products Product specification 





Audio processor - filter and control section NE/SA5751 





ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
ae Ra ae, ee ae Aa 
Storage temperature -65 to +150 | 


= | : 


NOTE: . 


1. Voltage applied to any pin -0.3 to Vpp +0.3V 

















Ambient operating temperature NE5751 







SA5751 


“ty 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vpp = +5.0V, unless otherwise specified. See test circuit, Figure 4. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 


a a 
2.7 
pf oe 


Operating 5.0 mA 


AC ELECTRICAL CHARACTERISTICS 
Tp = 25°C, Vpp = +5.0V. See test circuit, Figure 4. Clock frequency = 1.2MHz; test level = OdBV = 77.5mMVpys = -20dBm, unless otherwise 
specified. 
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[RRB gan witecomphess tae [00 [80 | eon 
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[RRB roe empnase fom [OL 
SS 
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[ieoursoaatvng (4 —* Sa evnerst= TH | oot | 4S |_| Vor 
[T eosrewpatawing 2) =i STO TE | Voo | 48 |__| Yor 
a ee ce 
a a coe a 
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Sn 
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AC ELECTRICAL CHARACTERISTICS (continued) 





PREMP ww input impedance 
Summing op amp 


Slew rate 







Output impedance 


Output swing (1% THD) 


Volume control accuracy 


Analog switches 









Insertion loss 





On time transition 


Off time transition 


eae 
aie 
oo 
== 
at 
ee 
aa 
Eo 
es 
ia 
bt 
ad 
ani 
La 
Lo] TX BPF output swing (1%THD) 
ae 
Po 
a 


IC CHARACTERISTICS 

The I?C bus is for 2-way, 2-line communication between different 
ICs or modules. The two lines are a serial data line (SDA) anda 
serial clock line (SCL). Both SDA and SCL are bidirectional lines 
connected to a positive supply voltage via a pull-up resistor. When 
the bus is free, both lines are high. Data transfer may be initiated 
only when the bus is not busy. 


The output devices, or stages, connected to the bus must have an 
open drain or open collector output in order to perform the 
wired-AND function. 


Data at the I?C bus can be transferred at a rate up to 100kbits/s. 
The number of devices connected to the bus is solely dependent on 
the maximum allowed bus capacitance of 400pF. 


Due to the variety of different devices which can be connected to 
the |2C bus, the levels of the logical “0” and “1” are not fixed and 
depend on the appropriate level of Vpp. For the typical supply 
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PARAMETER TEST CONDITIONS 


| TX LPF gain with pre-emphasis f = 3kHz 
TX LPF gain with pre-emphasis _ f =5900Hz 


TX LPF gain with pre-emphasis f = 800Hz 


TX LPF gain with pre-emphasis f = 9kHz 


f= 1kKHzZ 
PTKePRimamiownss 


f = 3kHz 


C, = 15pF 


0.75 Vis 
40 Q 
1kHz, 5kQ load (25°C) we 4.3 Vex 


[_—sosstooss 


Unity gain; f = 3kHz 





MUTET, MUTER 
0.8V ->2.0V 


MUTET, MUTER 
2.0V ->0.8V 





LIMITS 
ee el 






un 
|S 
pa 
an 
(od 
ee 
3 
3 


48 | [ee 





E 
©?) 
Oo 

E 






ee 


dB 






















voltage of 5V which is chosen here, logical “1” and logical “0” are, 
however, fixed respectively on maximum input LOW voltage, 1.5V 
and minimum input HIGH voltage, 3.0V. 


BIT TRANSFER 

One data bit is transferred during each clock pulse. The data on the 
SDA line must remain stable during the HIGH period of the clock’s 
cycle. If it does not remain HIGH, it may be interrupted as a control 
signal. 


START AND STOP CONDITIONS 

Both data and clock lines remain HIGH when the bus is not busy. A 
HIGH to LOW transition of the data line while the clock line is HIGH 
is defined as a start condition S. A LOW to HIGH transition of the 
data line while the clock is HIGH is defined as a stop condition. 
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SYSTEM CONFIGURATIONS 

A device generating a message is a “transmitter”; a device receiving 
a message is the “receiver”. The device that controls the message 
is the “master”; and devices which are controlled by the master are 
the “slaves”. 


ACKNOWLEDGE 

The number of data bytes transferred between the start and the stop 
condition from transmitter to receiver is not limited. Each byte of 
eight bits is followed by one acknowledge bit. The acknowledge bit 
is a HIGH level put on the bus by the transmitter whereas the 
master generates an extra acknowledge related clock pulse. A 
slave receiver which is addressed must generate an acknowledge 
after the reception of each byte that has been clocked out of the 
slave transmitter. The device that acknowledges has to pull down 
the SDA line during the acknowledge clock pulse, so that the SDA 
line is stable LOW during the HIGH period of the acknowledge 
related clock pulse; set up and hold times must be taken into 
account. 


I2C BUS DATA CONFIGURATIONS 

The NE5751 is always a slave receiver in the |I@C bus configuration 
(R/W bit-0). The slave address consists of seven bits in the serial 
mode where the least significant bit is selectable by hardware on 
input AO and the other more significant bits are internally fixed. 


POWER ON RESET 

In order to avoid undefined states of the NE5751 when the power is 
switched on, a power on reset is supplied. The reset is active when 
Pin Vrer is held below 0.8V. The reset is off when Pin Vper is 
above 2.0V. Pin Vref is normally at 2.5V generated by a resistive 
divider from Vpp. Nominal impedance is 20kQ. In a typical 
application a capacitor is connected to Pin Vref to improve power 
supply rejection. The time delay of the network resets the internal 
registers when power is first applied. The signal paths are off in the 
reset condition. The NE5751 must be programmed via the IC bus 
for normal operation. The Power Down mode is defined only when 
all register values are zero. 


CONTROL REGISTERS 
Register Map 


The address register is as follows: 


MSB LSB 
AG AS A4 AS A2 At AO R/W 
1 0 0 0 0 0 SA1 0 


SA1 is controlled by serial bus address pin. 


Signal Path Register 
MSB LSB 
T10 T9 T8 T6VOXeN T4 T3T5 T2 


T2 is the transmission gate between Pin PREEMPyjy and the 
emphasis input. . 


T38T5 ~~ connects the output of the DTMF generator to the emphasis 
input and connects the output of the XMT LPF to 
Pin TXDTMFout-: 


T4 connects the output of the XMT LPF to Pin TXLFoyr. 
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VOXen enables the VOX function of NE5750. 


T6 connects Pin VCix to the volume control. 

T8 connects the output of the DTMF generator to the volume 
control. 

T9 enables VCgy71. 


T10 enables VCoy72. 


Volume Control and Test Register 


MSB LSB 

PDW T1T7 DEE PRE V1 V2 V3 V4 

V4 is volume control bit 4. This is the MSB. A zero is 16dB 
attenuation. 

V3 is volume control bit 3. A zero is 8dB attenuation. 

V2 is volume control bit 2. A zero is 4dB attenuation. 

V1 is volume control bit 1. A zero is 2dB attenuation. 


PRE is the bypass for the pre-emphasis. 

DEE is the bypass for the de-emphasis. 

T1T7 _ is the bypass for the compressor and expandor. 
PDW _ is the control for power down mode. 


This mode is defined only when all register values are reset to zero. 


High Tone DTMF Register 
MSB | LSB 
HD7 HD6 HD5 HD4 HD3 HD2 HD1 HDO 


The eight bits determine the output frequency by the following 
formula.: 


High Frequency = 1200kHz/6/HD 
where HD is the value of the register. 


Low Tone DTMF Register 
MSB LSB 
LD7 LD6 LD5 LD4 LD3 LD2 LD1 LDO 


The eight bits determine the output frequency by the following 
formula.: 


Low Frequency = 1200kHz/12/LD 
where LD is the value of the register. 


The operation of the 96ms DTMF timer is initiated by the loading of 
the low tone DTMF register. This timer terminates transmission of 
the tones as the generated tones cross the reference level after 
96ms. The on time of the tones can thus vary by up to one cycle of 
the tones. 


Continuous tones can be obtained by again loading the two DTMF 
registers before 96ms have elapsed. 


Single tones can be obtained by loading 0, 1 or 2 into one of the 
registers to silence it. 


Phase continuous frequency modulation can be produced by loading 
a new value into a DTMF register during operation. 
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Figure 1. Typical Configuration of Audio Processor (APROC) System Chip Set 
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Figure 2. Cellular Radio System 
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Figure 3. APROC Application Diagram 
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Figure 4. NE/SA5751 Test and Application Circuit 
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Author: Alvin K. Wong 


INTRODUCTION 

The NE5750 and the NE5751 are two audio processor chips that 
can be used in RF communications. The chip-set processes a voice 
so that by the time it is transmitted and received, the quality is 
preserved. This is accomplished through the use of 
compression/expansion and pre-emphasis/ de-emphasis. 


The audio processor chip-set (APROC) has a wide variety of high 
performance applications such as cellular phones, cordless voice 
microphones, cordless intercom systems, standard phones, and 
hand-held, base, or mobile two-way communications equipment. 


Below is an outline of this application note: 


I. WHAT IS AUDIO PROCESSING 
~— How the Voice is Processed by the NE5750 and NE5751 


— More Detail on the Key Features 
— Performance Graphs 


ll. NE5750 
— A Breakdown of the NE5750 


eprearmp 
enoise canceller 
eVOX 

+VOXoutT and VOXctRL 


«setting the threshold 
eCompandor 
«compressor 
¢expandor 
«how to measure the attack and recovery time 
eAmplifier Section . 
speaker amplifier 
+«earphone amplifier 
- How to Power Down 


ll. NE5751 
— Acloser look at the NE5751 


etransmit path 
elimiter and all-pass circuit 
ereceive path 
~ |@C Bus Receiver 


IV. APROC DEMO-BOARD 


— How to Power Down the Chip set 
— Component list and layout 


V. NE5750 DEMO-BOARD 


— Component list and layout 
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Figure 1. Key Functions of the NE5750 and NE5751 That Contribute to Improving the S/N Ratio and Sensitivity in the System. 
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Figure 2. S/N Ratio With Companding vs Without Companding 
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VI. QUESTION AND ANSWER SECTION 


I. WHAT IS AUDIO PROCESSING 


HOW THE VOICE IS PROCESSED BY THE NE5750 
and NE5751: 


Audio processing begins when a person speaks into a microphone 
(see Figure 1). The signal is first amplified by the preamp, then 
screened by a bandpass filter. After the noise is filtered out, the 
voice signal is processed by the compressor. The function of the 
compressor is to attenuate !oud voices and amplify soft ones. The 
upper voice frequencies are then amplified by pre-emphasis before 
their voltage amplitudes are restricted by the limiter and all-pass 
circuit. When this is completed, the processed voice is ready for 
transmission. 


Since the voice signal was processed by the APROC before 
transmission, it must be unprocessed upon reception. The received 
signal is screened again so that the unwanted received noise is 
blocked before it goes 


through de-emphasis. In de-emphasis, the upper voice frequencies 
are attenuated. Then the signal is expanded back to its primary 
dynamic range by the expandor. Because the voice is restored to its 
original state, it is ready for amplification by the power amp whose 
output can be connected to an external speaker. The receiving 
party will now be able to hear the transmitting party. 


MORE DETAIL ON THE KEY FEATURES: 

During compression, low level signals are amplified to “jump” over 
the transmitter channel noise, while the high level signals are 
compressed to prevent distortion. In general, because we are 
dealing with a limited dynamic range transmission medium, it is 
desirable to compress the signal prior to transmission. However, in 
order to preserve the dynamic range of the original voice signal, the 
compressed signal is expanded at reception. Figure 2 shows a 
diagram of a cordless phone application using companding. Note 
the signal-to-noise ratio with and without companding. 

Another key function of the APROC is the pre-emphasis/de-empha- 
sis capability which is used to overcome the “colored” noise, present 
in all FM receivers, generated by the FM demodulator. This noise 
worsens at the upper voice band as shown in Figure 3. Therefore, 
to keep the same signal-to-noise ratio in the lower and upper voice 
bands, pre-emphasis/de-emphasis is required. A person witha 
high-pitched voice will now be heard just as well as a person witha 
low, deep voice. 
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AMPLITUDE 


NOISE FLOOR 
PROPORTIONAL 


TO (Freq) 





6dB/OCTAVE 








306Hz 
FREQUENCY 


3kHz 


WHY PRE-EMPHASIS? 
(S/N)4 = SIGNAL-TO-NOISE RATIO WITHOUT 
(S/N)2 = SIGNAL-TO-NOISE RATIO WITH 





Figure 3. Pre-emphasis Response 








Another key stage of the APROC is the limiter with the all-pass 
circuit. Its main function is to limit the amplitude of the voice signal 
so that the maximum frequency deviation is limited to 12kKHz. 
Cellular radio specifications allow for a 30kHz channel spacing with 
an audio bandwidth of 3kHz. Therefore, by Carson’s rule the 
maximum frequency deviation of the limiter must be 12kHz as 
shown below. 


1. Bandwidth 2 (Modulating Freq + 
Max Freq Dev) 

or 

Bandwidth/2 — 

(Mod Freq) 

30kKH2/2 - 3kHz 

15kHz-3kHz 


12kHz 


PERFORMANCE GRAPHS OF APROC 
DEMO-BOARD: 


Figure 4 shows the general diagram of the audio processor chip set 
without the external components. External components for the chip 
set can be found in Figure 31, and the values were chosen for 
AMPS/TACS specs. To demonstrate the performance of the chip 
set, data was taken in the lab and resulted in the following figures. 


2. Max Freq Dev 
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Figure 4. Typicai Configuration of Audio Processor (APROC) System Chip Set 

















Figure 5 Description As seen from the following figures, there is a definite advantage in 
Figure 5 reveals what the signal would look like on the bench with using the chip set in high performance communication systems. 





different input levels. Figures 5a, b, and c all use the same audio 
input signal. The audio signal (0-6kHz) varies from 20dB to -30aB in 
10dB steps. 


Figure 5a 

This graph shows the Tx channel. Notice the signal’s increase in 
amplitude as the frequency is increased due to pre-emphasis. 
Additionally, the slope of the signal decreases as the input 
increases. FREQUENCY 

a) TRANSMIT CHANNEL (AUDIO LEVEL DECREASING) 





AMPLITUDE 








The compressor function is readily shown where a 5dB change in 
the output level occurs for every 10dB change in the input. 


Figure 5b 

The 2:1 expansion of audio (20dB change for every 10dB), 
bandpass filtering and the de-emphasis filter response (300-3kHz) 
are shown. The graph shows the Rx channel. Notice the signal’s 
decrease in amplitude as the frequency increases due to 
de-emphasis. 





AMPLITUDE 












FREQUENCY 
Figure 5c b) RECEIVE CHANNEL 
This shows that a flat frequency response is achieved upon normal 
reception. Notice the 20dB gap, although the input steps are for 
10dB. This is due to the noise canceller turning on. The decrease 
in amplitude for higher level, higher frequency tones is the result of 
the deviation limiter action. 





AMPLITUDE 


After studying these figures, a designer will have a graphical 
understanding of how the APROC processes a signal. 








ENCY 
Figure 6 shows the test set-up using the APROC demo-board to Sona 
simulate a real cellular phone call. Audio noise is added to the input Ail Graphs: 
of the microphone and RF noise is added to the receiver. The table TCE ENTER enone Enon 
for Figures 7-10 describes what the associated waveforms reveal Figure 5. 





when certain key stages of the APROC are activated or bypassed. 
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Figure 6. NE5750/NE5751 Test Set-Up 
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NO GAIN IS OBSERVED IN THE NOISE LEVEL. 
Figure 7. 


No noise gain is observed at the output of the Tx 
channel because of the noise canceller circuit. 


Shows why companding and emphasis are needed to 
improve the quality of the audio signal when 
BASEBAND NOISE is present in the system 











Shows why companding and emphasis are needed to 
improve the quality of the audio signal when RF NOISE 
is present in the system. 


Shows that the sensitivity and the signal-to-noise ratio NO COMPANDING, PRE-EMPHASIS/DE-EMPHASIS ONLY 
of a receiver improved due to audio processing. 





C = BOTTOM TRACE AUDIO SIGNAL BEFORE GOING TO THE RF TRANSMITTER 


D = TOP TRACE FINAL SPEAKER OUTPUT 


Figure 8. Audio Output with Baseband Channel Noise 
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NO COMPANDING, PRE-EMPHASIS/DE-EMPHASIS ONLY 


C = BOTTOM TRACE AUDIO SIGNAL BEFORE 
GOING TO THE RF TRANSMITTER 


D = TOP TRACE FiNAL SPEAKER OUTPUT 





Figure 9. Audio Output with a Noisy RF Channel 





ll. NE5750 
A CLOSER LOOK AT THE NE5750: 


Referring to Figure 11, the NE5750 has seven main features which 
make this chip unique: preamp, noise canceller, VOX, compressor, 
expandor, buffer, and power amplifiers. (NOTE: All component 
labels in this section are referenced to Figure 11, unless otherwise 
indicated.) 


Preamp: 

The NE5750 provides a preamp with adjustable gain. This allows 
the designer to boost the low level audio signal coming out of the 
microphone. The microphone can be connected to Pin 1 through a 
DC blocking capacitor, C1 (see Figure 12). The input impedance at 
this Pin is 50kQ. 


The preamp gain of the NE5750 can be adjusted from OdB to 40dB 
by an external resistor, R7, connected to Pin 2 through a capacitor 
C2. Below is a formula which allows the designer to determine the 
value of R7 for a certain value of gain. 
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If a designer wanted a preamp gain of 20dB, a 5kQ resistor would 
be required (see Table 6). 
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Table 6. Calculated R7 Values for Different 
Preamp Gains 


= Leave Pin 2 open 


eS ae eT 
A SO NRE 







Pin 2 AC eae 


Noise Canceller: 

The output of the preamp is connected to the input of the noise 
canceller circuit which is internal to the device. The function of the 
noise canceller is to automatically provide a 

set gain of either OdB when no signal is present, or 10dB when a 
signal is present. With this feature, background noise is minimized 
from transmission. 
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This automatic gain setting can only be implemented when the noise 
canceller circuitry is used in conjunction with the VOX circuitry. The 
threshold and attack and release time can be set externally. This 
will be described in more detail in the “VOX” section. 


Although the noise canceller circuit is really designed to be used 
with the VOX circuitry, it can be implemented without it. The noise 
canceller circuit can be set up to provide either OdB or 10dB of gain 
at all times (regardless of the presence of a signal). Table 7 shows 
how to achieve either gain settings when the YOX function is 
bypassed. 


Table 7. 
Canceller 


Setting Up the Gain of the Noise 


Se ee eee ee ee 










10k to GND 


) Ground 





The output of the noise canceller is accessible to the designer at Pin 
24. C13 is used as a DC blocking capacitor. 


VOX: 

As mentioned earlier, the VOX circuitry works together with the 
noise canceller circuit. Pins 3, 4, 5, 6, and 7 all deal with the VOX’s 
performance. 


All of the resistor and capacitor values given in the NE5750 data 
sheet are chosen to meet AMPS/TACS specification for cellular 
radio. So any deviation from these values should be considered 
carefully if the application is in cellular radio. 


Connected to Pin 3 is a resistor R2 and capacitor C15, as shown in 
Figure 13. These components set the gain of the VOX. The values 
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here are for internal use only and have no direct relationship with the 
performance. So the values should be kept as shown. In some 
special applications, R2 may be adjusted such that the voltage on 
Pin 4 can be increased. By increasing this voltage, the voltage on 
Pin 7 can be set to a higher range (more details later). 


Pin 4 has C3 and R1 connected to it which affects the attack and 
release time of the VOX circuit. In general the attack time should be 
faster than the release time. 


The values given for C3 and R1 provide an approximate attack time 
of 12ms and release time of 120ms. These values should be kept 
as shown. 


The timing of the VOX circuit is important because it controls the 
gain of the noise canceller, and can also turn the transmitter on and 
off. 


: VOXout and VOXctRAL 

By using VOXgy7 and VOXcrTRL, Pins 5 and 6 respectively, the 
NE5750 can control the status of the transmitter. The VOXoyr7 Pin 
should have a 10kQ pull-up resistor to Vec. When probing Pin 5, a 
logic ‘1’ or ‘0’ will be read. The VOXcrtR_ pin should have a logic ‘1’ 
or ‘0’ connected to it. Table 8 shows how Pins 5 and 6 can be used: 


Having a logic ‘0’ on Pin 6 is sufficient in most applications. When 
voice is present, the noise canceller kicks on while the VOXout Pin 
supplies a logic ‘1’; when voice is not present, VOXout Pin supplies 
a logic ‘0’. In a cordless phone application this logic level could be 
used to turn the transmitter on and off, thereby conserving power for 
any battery operated applications. 


Supplying a logic ‘1’ on Pin 6 would cause the transmitter to stay on 
regardless of any signal input to Pin 1. However, the functionality of 
the noise canceller will still be signal dependent. 
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R1 __—sused to set release time of VOX 
R2 set gain of VOX, but for internal use only 
effects voltage on Pin 4 
R3 __ssets threshold level of VOX 
R4 ‘feedback resistor for ear amp 
R5 ___ sets gain of ear amp for side tone signals 
R6 sets gain of ear amp for baseband signals 
R7 sets microphone preamp gain 
Figure 11. NE/SA5750 Application Demo-Board 
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of 


R3 at Pin 7 is used to set the threshold of the VOX. Setting the 
threshold determines the voitage level input at which the noise 











Migieain canceller and VOX will activate. Formula 4 shows how to calculate 
the VOX’s threshold. 
VOXtypesy (MV) = 50uA - RB (KQ) (4) 
Where R3 > 3kQ) 
10d If R3 = 5.6k, the measured voltage at Pin 7 should be approximately 
Low gain 280MV. 
——— The way to adjust the VOX< is to first determine what signal level is 
(Ape desired at Pin 1 to activate the VOX noise canceller circuits. Once 
; that level is applied to Pin 1, connect a voltmeter to Pin 4. The 
Figure 14. aul voltage level measured here should be plugged into formula 4 to 





This condition is mainly used if the battery consumption is not a cen 


problem. Such a condition would be for any car cellular radios. As mentioned earlier, the voltage at Pin 4 can be increased by R2. 
But one should only deviate from the R2 value if the voltage at Pin 7 
cannot come down. In most cases, setting R2 to 43kQ and setting 
Pin 7 to the voltage at Pin 4 is sufficient. 
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Figure 14 shows graphically how R3 and R2 affect the location of 
the “box”. The “box” is always 10dB, which is due to the noise 
canceller circuit. 


EXAMPLE | : Set the VOX threshold such that it “kicks on” when 
30MVp-_p is applied to Pin 1 of the NE5750 with a preamp gain of 
OdB. 


Step 1: Make sure: 
a. Pin 7 is left open. : 
b. The VOX attack and recovery components are in place at Pin 4. 
c. R2 and C15 are connected to Pin 3. 


d. If using the NE5750 alone, be sure to connect the preamp out- 
put (Pin 24) to the compressor input (Pin 23) with a DC blocking 
cap. 


e. The preamp gain is already set (in this instance the preamp gain 
is OdB). 


f. Make sure that the compressor’s components are also con- 
nected; compressor’s attack time has to be functional 


Table 8. VOX Truth Table 












Voice (Pin 1) 


VOXctrc (Pin 6 of NE5750) 
logic ‘0’ 


logic ‘QO’ 
logic ‘1’ 


logic ‘1’ 








tee 
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Step 2: Apply a constant 1kHz sinewave signal to Pin 1 with the 
desired threshold. In this case, 30mMVp-p. 


Step 3: Measure the DC voltage on Pin 4; V4=260mV 
Step 4: Calculate R3: | 


R3= V4(V) /(50uA) 
= 0.260/50unA 
= 5.2K 
let’s use a 5.3kQ 


Step 5: Connect R3 to Pin 7 and verify that VOX “kicks on” at the 
desired threshold. : 


- This set-up has the VOX kicking on at 30MVp.p and kicking off at 
11imVp.p. 


Referring to the above example, if a preamp gain of 10dB was 
chosen before setting the threshold, the threshold will also change. 
So it is vital that the preamp gain be set before setting the VOX 
threshold. 










OdB 









NOTE: To apply a logic ‘0’ on Pin 6 by the |2C evaluation program, be sure that the VOXen is high, and low for a logic ‘1’ on Pin 6. If the 
NE5750 is used alone, be sure that the output of the noise canceller is AC coupled to the input of the compressor. Also, make sure that all of 


the components for the compressor are connected. 


Compandor: 


- compressor 
The compressor input at Pin 23 requires an external DC blocking 
capacitor (C12). The input impedance is roughly 50kQ. Unlike the 
older compandors, this input can be directly driven from CMOS 
circuits (e.g. NE5751). 


The gain from the preamp should be adjusted such that there is 
enough signal getting to the compandor. However, one must be 
careful not to overdrive the inputs. Additionally, do not forget the 
extra 10dB gain from the noise canceller (assuming it is being used). 


Figure 15 shows the typical dynamic range of the compandor. The 
maximum input signal that the compressor can handle is 3.72Vp.p 
or 24.6dB. The minimum input is approximately 1.74mVp.p or 
-42dB. Knowing that the OdB point of the compandor is at 
77.5mVeams;, one can easily convert from volts to dB. Formula 5 
shows the conversion from Vas to dB. 
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_ RMS 
X(dB) = 20log (att 5 ee (5) 
where 
X = value in dB 
V = voltage in RMS. 


Usually it is easier to work in voltages, but in this case it is better to 
work in dB. If one Knows the input signal in dB, the designer can 
predict the output of the compressor (also in dB) to be haif or two 
times the input. For instance, if the input were 10dB, we could 
expect the output to be 5dB. On the other hand, if the input was 
-20dB, we could expect the output to be -10dB. 


Capacitor C11 on Pin 22 controls both the attack and release time of 
the compressor. The attack time may be calculated by Formula 6. 

Attack time = R-:C (6) 
where R=10kQ 
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d. Release time 








Figure 16. Compressor Dynamic Response 





NOTE: The release time is roughly 4 times slower than the attack 
time by design. 


Release time = 4 - Attack time 


Capacitor C10 on Pin 21 is used for AC bypassing. Capacitor C9 on 
Pins 19 and 20 is also for AC bypassing. 


- expandor 

The expandor input at Pin 17 requires an external DC blocking 
capacitor (C8). The input impedance is around 2.5kQ. Referring to 
Figure 15, the input range of the expandor 

is from 19.53mMVp-_p (-21dB) to 9O38MVp-_p (12.3dB). The output 
range is from 1.74mVp.p (-42dB) to 3.72Vp.p (24.6dB). 


Capacitor C7 is used to set the attack and release time of the 
expandor. Formula 6 can also be used to determine those values. 
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- how to measure attack and recovery time 

In this section we will briefly describe the bench procedure for 
measuring attack and recovery times. Additional information can be 
found in AN174 in the “Attack and Decay Time” section. 


Let’s assume that Cpecr =2uF and RinteRnaL=10k. Since T=R - C, 
then T=20ms. If we wanted a different “RC” time constant we would 
change the Crgcr value (RinTERNAL iS a fixed value). 


Using these component values let’s measure the attack and 
recovery times to see if the CCITT and EIA specifications are met. 


measurement at compressor: 
EIA Specifications 


Attack time is the time required for the transmitter deviation to settle 
to a value equal to “1.5” times the final steady state value, for a 
12dB step up. 


Release time is the time required for the transmitter deviation to 
settle to a value equal to “0.75” times the final steady state value, for 
a 12dB step down. 


The compressor must have a nominal attack time of 83ms and a 
nominal recovery time of 13.5ms as defined by CCITT. 


Bench Procedure for Compressor Test 


1. Apply a 1kHz sinewave signal at OdB to the input of the com- 
pressor (0OdB is defined where the compandor passes the input 
signal through to the output — unity gain level for the APROC is 
77.5mVpms- 


2. Modulate the 1kHz input signal with a 1Hz-2Hz square wave. 


3. Connect an oscilloscope probe to the input of the compressor 
and adjust both the modulation and oscilloscope (uncalibrate it) 
so that a 1:4 ratio is achieved on the screen of the oscilloscope 
(see Figure 16a). 


Adjusting for a 1:4 ratio produces a OdB to 12cB step at the input. 
The unit “1” represents the OaB input level and the unit “4” 
represents the 12dB input level (20log (4/1) =12dB). 


4. Connect another oscilloscope probe to the output of the com- 
pressor and observe the waveform (see Figure 16b). The “final 
steady-state” value for the attack time is “2” units while the re- 
lease time is “1” unit. These output values are expected be- 
cause, for a compressor, the ratio is 2:1 unless the input is at 
QdB, in which case, the ratio is 1:1. 


5. Now to measure the attack and release time, capture the begin- 
ning and end of the output waveform where the changes occur 
(see Figures 16c and 16d). 


To measure the attack time (Ta): 
-According to the EIA specifications: 


T, = 1.5: Final Steady — State Value 


-therefore 


T, = 1.52 units = 3 units 


-Measure the time it takes for the output to drop to the 3rd unit. 
According to Figure 16c, our attack time is 3ms. This indeed meets 
CCITT specs.. 


To measure the release time (Tp): 


-According to the EIA specifications: 
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-therefore 
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d. Release time 


Figure 17. Expandor Dynamic Response 
T, = 0.751 unit = 0.75 units 


-Measure the amount of time it takes for the output to rise up to 0.75 
units. According to Figure 16d, our release time is 18ms. Again the 
CCITT spec. is met. 


measurement at expandor: 
EIA Specifications 


Attack time is the time required for the transmitter deviation to settle 
to a value equal to “0.57” times the final steady state value, for a 
6B step up. 


May 29, 1991 


AN1741 


Release time is the time required for the transmitter deviation to 
settle to a value equal to “1.5” times the final steady state value, for 
a 6dB step down. 


The expandor must have a nominal attack time of 3ms anda 
nominal recovery time of 13.5ms as defined by CCITT. 


Bench Procedure for Expandor Test 


1. Apply a 1kHz sinewave signal at OdB to the input of the expandor 
(OdB is defined where the compandor passes the input signal 
through to the output — unity gain level). 


2. Modulate the 1kHz input signal with a 1Hz-2Hz square wave. 


3. Connect an oscilloscope probe to the input of the expandor and 
adjust both the modulation and oscilloscope (uncalibrate it) so 
that a 1:2 ratio is achieved on the screen of the oscilloscope (see 
Figure 17a). 


Adjusting for a 1:2 ratio produces a OdB to 6dB step at the input. 
The unit “1” represents the OdB input level and the unit “2” 
represents the 6dB input level (20log(2/1)=6dB). 


4. Connect another oscilloscope probe to the output of the expan- 
dor and observe the waveform (see Figure 17b). The “final 
steady-state” value for the attack time is “4” units while the re- 
lease time is “1” unit. 


5. These output values are expected because for an expandor the 
ratio is 1:2 unless the input is at OdB, in which case, the ratio is 
Wel. 


6. Now to measure the attack and release time, capture the begin- 
ning and end of the output waveform where the changes occur 
(see Figures 17c and 17d). 


To measure the attack time (Ta): 
-According to the EIA specifications: 


T, = 0.57 - Final Steady — State Value 


-therefore 
T, = 0.57- 4 units = 2.28 units 
-Measure the time it takes for the output to reach 2.28 units. 


According to Figure 17c, our attack time is 8ms. This indeed meets 
CCITT specs.. 


To measure the release time (Tp): 
-According to the EIA specs.: 
Ty = 1.5: Final Steady — State Value 


-therefore 


T, = 15-1 unit = 1.5 units 


-Measure the amount of time it takes for the output to drop to 1.5 
units. According to Figure 17d, our release time is 13ms. Again the 
CCITT specification is met. 


These results show that the release time is about 4 times slower 
than the attack time. All Signetics compandors are internally set up 
this way so that once the attack time is set by Crecr, the release 
time is automatically set. 
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Figure 18. Speaker Amplifier for the NE5750 
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Figure 19. Setting Gain for Earphone Amplifier 





Special Note: In AN174, Figures 10 and 11 show the X-axis as 
being in fractions of the time constant. The way to clarify this is by 
multiplying 20ms to these numbers.to convert them to the measured 
attack and recovery time. The 20ms comes from the “RC” time 
constant which can be varied by varying the Cpecrt value. But 
again, once these numbers are converted, one can see that these 
figures show similar results as ours in the lab. 
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Amplifier Section: 


-speaker amplifier 

The speaker amplifier is a unity gain amplifier with a high input 
impedance. Located on Pin 11, the output of the amplifier, are two 
capacitors C5 and C16. Capacitor C5 is for DC blocking, while C16 
is for high pass filtering. . 


Since the amplifier’s input is not directly accessible to the designer 
(see Figure 18), it is impossible to exceed a gain of one. However, if 
external attenuation is desired, use formula 7 to determine the 
series resistor that would connect to Pin 14. 


_ RP (7) 
Rin 





Ay 


_ __ = 50k 
(50k + Rg) 


In most cases, the attenuation takes place in the NE5751 before the 
signal gets to the amplifier. Therefore, adding external attenuation is 
rare. 


-earphone amplifier: 

Unlike the speaker amplifier, the gain of the earphone amplifier can 
be set by external resistors. In this case, the required output and 
input are directly accessible. Figure 19 is a diagram of the earphone 
amplifier with the required equations. Sidetone gain can also be 
implemented with an external resistor. 


How To Power Down. 

“Power down” or “power up” can be implemented by Pin 10 of the 
NE5750. When Pin 10 is connected to Vcc, the chip is in the 
“power up” state. In this mode, the chip is fully functional. However, 
when Pin 10 is connected to ground, the chip is in the “power down” 
state where the current consumption drops dramatically (CMOS or 
TTL levels will suffice)...In this mode, the chip is not expected to be 
functional, but all of the capacitors remain charged so that “power 
up” can occur quickly. Having this capability allows the system to 
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Figure 20. NE5751 Tx Bandpass Filter 
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lll. NE5751 


A CLOSER LOOK AT THE NE5751: 

Figure 24 shows a block diagram of the NE5751. Key functions for 
this chip include a TX bandpass filter, TX pre-emphasis filter, TX low 
pass filter, summing amplifier, RX bandpass filter, RX de-emphasis, 
programmable DTMF generator, programmable attenuator, and an 
I2C bus interface. 


-TX path 

The input and output of the TX bandpass filter are located on Pins 3 
and 4, respectively. The 4th-order Chebyshev bandpass filter is 
designed to pass 300 to 3000Hz (voice band). (see Figure 20). 


The input to the pre-emphasis circuit is accessible through Pin 5. 
This filter shapes the spectrum with a +6dB per octave slope in the 
pass band (see Figure 21). The output is then connected internally 
to a low pass filter and limiter circuit (see Figure 22). The functions 
of the last two filters guarantee that the 12kHz maximum frequency 
deviation for cellular radio is not violated. 


The output of the limiter filter (Pin 23) and the output of the 
programmable DTMF generator (Pin 22) can be connected to the 
input of the summing amplifier. The gain of this amplifier can be 
controlled with external resistors. In Figure 24, the resistors are all 
51kQ which creates a unity gain configuration. The output of the 
amp is then connected to the transmitter. 
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Figure 21. Pre-emphasis Curve 

















The Limiter and All-pass Circuit: 

An important aspect of the AMPS specification is concerned with the 
12kHz maximum frequency deviation. The output of the APROC 
should be less than 12kHz regardless of the input signal. Figure 23 
shows the equipment used for the test measurements and how the 
signal was processed. A 1kHz signal was applied to the input of the 
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demo-board until a 5% distorted signal was measured at the limiter 
output. This waveform’s peak-to-peak voltage was recorded as a 
reference, then, at various chosen frequencies, the input of the 
demo-board was overdriven so we could record the distorted 
peak-to-peak waveform. (See Figure 26) 


Formula 8 was used to calculate maximum frequency deviation from 
the waveforms shown in Figure 26. 
Max Freq Dev with All-Pass Ckt = 
BW 
BWp 


(8) 





: 8kHz 


where 
BW, = the bottom waveform’s peak-to-peak voltage from one of 
the observed Figures. 


BWrp = the bottom waveform’s peak-to-peak voltage from the 
reference Figure. 


Table 9. 
Test 


Table 9 reveals the calculated results for maximum frequency 
deviation over the voice band. The test results show that the 
NE5750 and NE5751 will meet the 12kHz AMPS specification. Ifa 
customer needs further assurance that the 12kHz specification will 
be satisfied, an Automatic Level Control (ALC) circuit can be placed 
after the summing amplifier output of the NE5751. Keep in mind, 
though, that this ALC will only provide attenuation. 


Maximum Frequency Deviation Results for the 12kHz 





- RX path 

For the receive side of the NE5751, the signal goes to the input of 
the RX bandpass filter (Pin 13) which has the same 

characteristics as the TX bandpass filter. The only difference is that 
this filter also has a stop-band notch filter at 6kKHz to reject the 
Supervisory Audio Tone (SAT) signals as seen in Figure 27. 


The output is then internally connected to the de-emphasis filter. 
This filter provides a -6dB/octave slope over the passband to 
compensate for the pre-emphasis function (see Figure 28). 


The attenuator can be digitally programmed by I2C. The input signal 
level can be attenuated 16 steps in 2dB increments. This gives a 
range from OdB to -30dB. The attenuator error is shown in Figure 
29. 
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Figure 22. NE5751 Tx Low Pass Filter 
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I2C Bus Interface: where HD is the value of the register 


The NE5S751 is controlled by a serial control bus comprised of a This translates to: DTMF HI REG = 200000/ HI REG (Hz) 
clock input, serial bus address, serial clock line, and serial data line. 

. Table 10 can be used to help the designer program the DTMF 
A designer who is unfamiliar with I@C can refer to the following generator. 
documents for assistance: 1) 1@C Bus Specification and 2) 
Signetics AN168. Both of these documents can be found in the 
1989 Signetics Linear Data Manual or the 1991 RF Communications 
Handbook. 1. Register map 


The clock input requires an input frequency of 1.2MHz. This 2. Signal path register 
frequency is vital for the operation of the part because it effects the 
DTMF generator and the 3dB point of all the switch capacitor filters. 


There are a few key points that should not be overlooked when 
programming the NE5751. The control registers consist of the 


3. Volume control and test register 


4. High tone DTMF register 
The output of the DTMF generator can be determined by Formula 8. 'g begs 


5. Low tone DTMF register 
Clock Input Freq 


12 (8a) To generate a single tone from the DTMF generator, use the 
LD appropriate registers (high or low DTMF) and load the other one with 
a ‘0’, ‘1’, or ‘2’ to silence it. 


Low Freq = 


where LD is the value of the register This translates to: DTMF LO 


REG = 100000/ LO REG (Hz) The order of these registers is important. If the programmer wanted 
to turn down the volume, he/she would have to re-program the 
Clock Input Freq (8b) register map, signal path, and then give the new data to the volume 
High Freq = 2 control and test register. 
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Figure 24. NE/SA5751 Test and Application Circuit 
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IV. APROC DEMO-BOARD 


About the APROC demo-board: 

The NE5750/51 demo-board layout can be seen in Figures 30, 31, 
and 32. It incorporates the use of DIP packages. However, an SO 
adapter could be made to test the SG APROC chips. 


A separate board is used to interface the APROC demo-board with 
the computer’s parallel port. This converter utilizes the 74LS05 as a 
buffer scheme. 


An |2C program for the APROC is provided so that a designer can 

easily program and evaluate the chip set. This eliminates the need 
to write an evaluation program. However, it does not eliminate the 

need for a final system program. 


The evaluation program has a graphic display that shows the 
transmit and receive path of the APROC on the terminal, as seen in 
Figure 33. By selecting a function, one can toggle the space bar on 
the key board to turn on or off any key features. The designer could 
also type in the codes for any registers to control the functions. 


Figure 25 shows how the interface board and the demo-board can 
be used in conjunction with a computer. Once everything is 
connected properly, one can make his own evaluations on the chip 
set. 
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Maximum Frequency Deviation Results for the 12kHz Test 
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Figure 25. Interfacing the APROC Demo-board with the 
I2¢ Evaluation Program 
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Figure 27. NE5751 Rx Bandpass Filter 
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was not cut-off completely. The power down function reduces power down mode 
overall current consumption when the system is not fully operational, - reduces current consumption while maintaining readiness 
and is especially helpful when the system is operating from a battery 
powered source. - current drops from 2.7mA to 1.1mA (typically) 
There are three power down conditions when we refer to to the Mode of Operation: | 
NE5750/51 demo-board. They are listed and described as follows: - Everything is semi-functional, although performance is not, and will 
1. NE5750 Power Down . . not be, guaranteed 
Purpose: 3. Chip-Set Power Down 
Error Plot 
1.0 — 
0.5 = 
m f = 
xo) 
£ 
So. 
wi 
— St ERSERSSSAARE SESS! OIE ENE (ERRERERSERE IRRSREEREEEE EERE ERROR 
0.5 
| 
—1 .O —_—_i_. 
0 4 8 12 16 20 24 28 


Attenuation in dB 


Figure 29. NE5751 Attenuation Error 
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Definition: 


-the NE5750 and NE5751 demo-board is in the power down mode 
when: 


1. The transmitter and receiver are muted on the NE5751 
2. The NE5751 is powered down (all registers are set to zero), and 


3. The NE5750 is powered down 


How to Power Down the Chip-Set Properly (1st Choice): 
Please follow this recommended sequence; 


1. Mute both the transmitter and receiver on the NE5751. 


2. Program the following registers as follows: 
Signal Path Register: 00000000 


Volume Control Register: 00000000 
High DTMF Register: 00 

Low DTMF Register: 00 

3. Power Down the NE5750. 


How to Simulate the Power Down on the Chip-Set (2nd choice)* 
Please follow this recommended sequence; 


1. Program the following registers as follows: 
Signal Path Register: 00010000 
Volume Control Register: 01100000 

High DTMF Register: 00 

Low DTMF Register: 00 

2. Power Down the NE5750 


*NOTE: this method is only used when the NE5751 mute switches 
are not accessible, by design. 


Comments 


1. Muting both the transmitter and receiver on the NE5751 can be 
done by the two “hardware” switches on the demo-board (forces 
Pins 11 and 12 to Vcc). 


2. Powering down the NE5751 can be done by programming the 
correct assigned register to zero (For more details, consult the 
NE5751 data sheet). 


3. Powering down the NE5750 can be done by the “hardware” 
switch on the demo-board (forces Pin 10 to ground). 


4. When coming out of the power down mode to the power up 
mode, reverse the procedure given above. 


5. If functions are activated while in the power down mode before 
power up occurs, the “chip-set power down” is no longer valid. 


6. We recommend that a 2.2uF capacitor be placed between the 
NE5751 de-emphasis output to the NE5750 expandor input. The 
purpose of this capacitor is to block any DC offset that might 
occur between the two chips while in the power down mode. If 
this capacitor is not used, an abnormal reaction might occur 
where white noise is generated. 


V. NE5750 DEMO-BOARD 
Figure 34 shows the layout for the NE5750 demo-board. This board 
can be used to evaluate the NE5750, alone, and allows the designer 
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to do extensive testing without having to worry about other external 
factors. Again, this board makes use of dip packages only. 
However, a SO adapter can be made to implement the SO version 
of the NE5750. 


VI. QUESTION AND ANSWER SECTION 


NE5750 and NE5751 (APROC): 
Q: Is it OK to connect the Vp_er pins together for the NE5750 and 
NE5751? My circuit seems to be working properly. 


A: No, this is not a good idea. Although both Veers are at 2.5V 
(VrReF =Vcc/2), there is no guarantee that they will be exactly 
equal over temperature. One of the Vpgers might influence the 
function of the other chip which, in turn, might have a detrimen- 
tal effect on the performance of the chips. 


Q: Will the APROC chip set work for TACS, NMT or NAMPS speci- 
fications as it does for AMPS specification? 


A: The APROC was designed to meet AMPS and TACS specifica- 
tions, however, as it stands now, the chip set will also meet the 
NAMPs requirements. The chip set will not work for NMT speci- 
fications. 


Q: In the power down mode, is it OK to program the DTMF regis- 
ters before powering up? 


A: No. This will break the rules of powering down. All the registers 
are set to zero in this mode. Please review the section on pow- 
ering down the chip set properly. 


NE5750: 

Q: Even though | have all the required external components in 
place on Pins 1,2,3,4,5,6 and 7, my VOX circuit does not work. 
What is wrong? 


A: The VOX circuit is not a trivial connection. Even though all the 
components are connected, be sure that the output of the 
NE5750 noise canceller is AC coupled to the input of the com- 
pressor to complete the VOX loop. This holds true if the 
NE5750 is used alone. However, if the NE5751 is used make 
sure that the signal is fed from the band-pass filter to the input 
of the NE5750 compressor input. For further advice, please 
read example 1 in the “setting the threshold” section of this ap- 
plication note. 


Q: Do! have to use I@C if | use the NE5750 alone? 


A: No, the NE5750 can be used by itself and does not require the 
use of I2C. 


Q: Can | speed up the release time of the compressor? 


A: Notdirectly. The release time is dependent on the attack time 
setting. Once the attack time is set by C11 on Pin 22 of the 
NE5750, the release time is set internally to be four times slow- 
er. So to increase the release time requires that the attack time 
be increased. One should be careful because setting the attack 
time too fast could cause more distortion on the output. 
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: The NE5750 compressor input impedance is around 50kQ. 
Why is this impedance higher than that of others in your family 
of compandors? 


: The NE5750 was designed to be compatible with the NE5751. 
The NE5750 compressor input was modified to accept CMOS 
driven outputs like the NE5751. This internal modification elimi- 
nates the need for an external buffer. 


NE5751: 


Q: Can | change the filter characteristics? 


A: Yes, by changing the master clock input frequency the 3dB 


points will be effected. For example, if F=1.2MHz, then 
BPF1=3kHz. Now, if F=600kKHz, BPF1=1.5kHz; and if 
F=2.4MHz, BPF1=6kHz. This type of application is not recom- 
mended because the part was not designed to be used this way 
and, therefore, performance will not be guaranteed. Additional- 
ly, the DTMF generator will be off in frequency from the calcu- 
lated values because of the assumption of a 1.2MHz clock, and 
the |2C interface will not be functional. ° 


: Besides I2C, can | communicate to the NE5751 with another 
type of operating scheme? 


Yes, by bit banging. Instead of using the IC hardware one can 
supply the clock and data defined in the |@C protocol software. 
But this takes up a lot of memory, therefore, it is preferable to 
implement the l@C hardware. 
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Q: The limiter seems to work when | overdrive the input with a 
strong signal. However, when | try to pass DT MF tones, the 
limiter’s level varies when switches T3/T5 and T4 are set to 
different settings Why is this? Isn’t the output supposed to stay 
constant regardless of the input being overdriven or passing 
DTMF tones? . 


A: Yes, the limiter should hold the output constant when an overdri- 
ven signal is applied, but only when the switches are used prop- 
erly. When passing DTMF tones, T1, T2, and T4 should be left 
open, while T3/T5 are closed. The voice path shouid be discon- 
nected when DTMF tones are being passed. Hence, T3/T5 
should be left open when DTMF is not used. 


Q: When | program a DTMF tone, it only stays on for 96ms. How 
can | make it stay on longer? 


A: The way to make it stay on longer than 96ms is to re-load the 
DTMF registers (re-program the DTMF registers before 96ms 
expires). 


REFERENCES: 


“Audio Processing for Cellular Radio or High Performance 
Transceivers”, proceedings of R.F. Expo 1989, A. Fotowat, S. 
Navid, L. Engh, pp. 195-203. 


“Designing Cellular Radios with the Philips Components-Signetics 
Cellular Chip Set”, Cellular Radio Chip Set Design Manual, Feb. 25, 
1990. 
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BOTTOM VIEW 





Figure 30. Layout of the APROC Demo-board 











May 29, 1991 1072 


Application note 


Philips Semiconductors RF Communications Products 


AN1741 


io processing 


Using the NE5750 and NE5751 for aud 























OYHLNOD 
XOA 
OL dau, 
<< 
6H 
HAAIGO3H 1001 S (ey) | 
WOU 
. a 
(91) € 
0z9 
(Zi) 
4U0ZzZ 
ic 0 (81) ¢ 
Lvs 
| 
ae 195 0 (61) 9 
vaso (oz) Z 
ZHINZ'} 
M9019 > (Lz) 8 
YSLLINSNVYL (zz) 6 
ul '— (22) 6H 
(€z) 02 
cost hong [0 
(pz) La 
MES 
12 WIG 
zu (sz) zz 
OLu (92) €a 
- | (zz) 4 
n 
Lvs (92) 
WOusd 








ATaVN3 
XOA 








aLnW 





3Inw XY X vl) 








Ea YaAISOaY 


sng 
Sel 





eap<{s.| 
ome 
Fz] 


[pL 














SLNW XL 


YOLVNNIALLY 

















fer] 
(2) 9 
HOLVYANA 
(¢) 
13S3Y 
aN NO (vy) € 
Hd HY3aMOd 
(€) 2 
LddT €L 
| Hd] | €L} Thal] ori 
aus 





3 4022 Su 


3ANOL Jails ALS 


Ino 


yV4 SY 
{ 40) 
4 op 




















































































































NAG A ino 
uozz YyaNVvadS 
— ano 
o1o-— 
a1 69 
vb Ik . 
LLO 
}} 3" 
| GS} 
sez dot 39 
ino if 85 At 
a LOCNWdXa 6 A 
4tlo 8 
os es 
rieeode? YdV 
agi aoe E. see 4 70u.1NO9 
Aue ye | 2PA+ ; Ss XOA 
doo eal 2 
SCOOk a eqs PLO DO A+ ies 
ea 
02 S A ano XOA 
AN od ke) 19 A WOlS iy 
5| e Tony, 
dneg 
5 ZO 
AN 819 4duge 
Tarlor 
Y¥344Na 
| rz 
dWVaud 
<< 
3NOL 3als 














ANOHdOUOIWN 


Figure 31. NE5750, NE5751 Cellular Radio Application Circuit 
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Ri 
R2 
R3 
R4 
R5 
R6 
R7 
R8 


R9 


Ri0 
R11 
Ri2 
Rt3 
R14 


J1 
J2 





Component Functions 


Pull-up resistor for VOXoyT logic levels 

Sets gain of VOX, but for internal use only effects voltage on Pin 4 
Used to set release time of VOX 

Sets threshold level of VOX 

Feedback resistor for ear amplifier 

Sets gain of ear amplifier for the side tone input 

Used in conjunction with C10 to filter out unwanted noise. Optional 
Sets gain of ear amplifier 


Used to bias up Pin 14 to 2.5V by connecting VTHRESH to VREF without 


loading down Veer source 
Input resistor for summing amp out. Can be used to set gain of signal 


Input resistor for summing amp out. Can be used to set the gain of the DIMF 
Input resistor for summing amp. Can be used to set gain of the side tone input 
Feedback resistor for summing amp. Can be used to set gain of all the inputs 


Used to set gain of the preamp of NE5750 (OPTIONAL) 


JUMPER 
JUMPER 


C1 
C2 
C4 
C5 
C7 
C8 
c9 
C10 
C12 
C13 
c14 
C16 
C17 
C18 


C19 
C20 
c21 
C22 
C23 


C24 


Component Values 


C1 0.1uF R1 10kQ 
C2 10uF R2 43kQ 

ya ae R3 4.3kQ_ 

C7 15uF R4 5.6kQ < 

C8 10uF RS S1kQ2 

C9 10uF R6 270kQ 

C10 0.22uF R7 1kQ 

C12 2.2uF R8 51kQ 

C13 2.2uF RQ 100kQ 

C14 2.2uF R19 51kQ ‘ 
C16 100pF R44 51kQ 

C17 22uF  ay2 51kQ 

C18 10uF R13. 51kO 

C12: s1HF R14 OPTIONAL 

C20 0.22uF = 4, JUMPER 

C21 10uF J2 JUMPER 

C22 .022uF Ic NE5750 NARROW 
C23 2.2uF 24-PIN SOCKET 
C24 10uF IC NE5751 WIDE 


24-PIN SOCKET 
P1 4 PRONG HEADER 
P2 4 PRONG HEADER 
SW MINI SLIDE SWITCH 


Bypass cap for VCC of NE5750 

Bypass cap for VCC of NE5750 

DC blocking cap for mic input 

DC blocking cap for mic gain setting resistor 
Used to set attack a release time of VOX 


Used to AC ground the Vper pin (5750) 

DC blocking cap for speaker out 

filter for speaker out 

Sets attack and release time of compressor 
Used to AC short the DC path for the compressor 
Provides AC path to the VOX circuitry 
OPTIONAL. Basically to filter out noise 

Sets attack and release time for the expandor 
Used to AC ground Vp_F pin (5751) 

Bypass cap for Vcc of NE5751 

DC blocking cap for receiver input 

DC blocking cap for ear amplifier output 

Sets gain of VOX, internal use only 

DC blocking cap for summing amp out 
Bypass cap for Vcc of NE5751 


NOTE: The board is constructed in such a way as to allow a single power supply to power the chip set, or for each chip to be powered by a separate power 
supply. Using separate power supplies will permit monitoring of current consumption of each part when Jumpers 3 and 4 are removed. 


Figure 32. Parts and Function List of APROC Demo-board 
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Figure 33. Graphical Display of the I2C Evaluation Program 
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Figure 34. NE5750 Demo-board Layout 
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DESCRIPTION PIN CONFIGURATION 

The SA5752 is a high performance low power audio signal 

processing system especially designed to meet the requirements for DK and D PACKAGE 

small size and low voltage operation of hand-held equipment. The : 

SA5752 subsystem includes a low noise microphone preamplifier MIC NCANQUT 
with adustable gain, a noise cancellation switching amplifier with PREAMPGRES COMPiN 


adjustable threshold, a voice operated transmitter (VOX) switch, 
VOX control, an audio compressor with buffered input, audio 
expandor, and an internal bandgap voltage regulator with power NCANCAP COMPcaP1 
down capability. When used with Philips Semiconductors’ SA5753, VOXouT | 5| COMPoUT 
the complete audio processing function of an AMPS or TACS VOXxTR SA5752 COMPC Ap? 
cellular telephone is easily implemented. The system also meets 
the requirements of the proposed NAMPS or NTACS specifications. ane VOXCTL 
The SA5752 can also be used without the SA5753 in a wide variety VREF HPDN 
of radio communications applications. 


RECTGRES COMPCAP3 


Vcc EXPIN 








FEATURES EXPCAP OMT 
e Operating voltage range: 2V to 5.5V 





e Miniature SSOP and SO packages 
BENEFITS 


e Very compact applications 


¢ High performance 


e Adjustable VOX and noise cancellation threshold . 
e Long battery life in portable equipment 


Adjustable gain preamplifier 


e¢ Complete cellular audio function with the SA5753 
Audio companding . 


* ESD protected APPLICATIONS 

¢ Open collector VOX output ¢ Cellular radio 

e Logic inputs CMOS compatible e Mobile communications 

e Power down mode e High performance cordless telephones 
e Few external components e 2-way radio . 


Meets AMPS/TACS/NAMPS/NTACS requirements 


ORDERING INFORMATION 


| DESCRIPTION TEMPERATURE RANGE ORDER CODE | DWG# — 


20-Pin Plastic Small Outline Large (SOL) package -40 to +85°C SA5752D 0172D 
20-Pin Plastic Shrink Small Outline Package (SSOP) -40 to +85°C SA5752DK 1563 
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PIN DESCRIPTIONS 










SYMBOL DESCRIPTION 
MICin Microphone input | 


PREAMPgGr_es Preamplifier gain resistor 
RECTgres Rectifier gain resistor 


NCANcap Noise cancellation timing capacitor 
VOXout Voice operated transmission output 
VOXrR | 
GND 
Vcc 



















Voice operated transmission threshold resistor — 


EXPout Expandor output 
VOXctL Voice operated transmission control | 


COMP cap2 Compressor capacitor 2 DC block 
COMPout Compressor output 


COMP cap} Compressor timing capacitor 1 


COMP cap3 Compressor capacitor 3 DC block 


COMP n Compressor input 


NCANout Noise cancellation output 


Oo 





NO — — — = — — — — — — 





BLOCK DIAGRAM . 


BUFFE 




















COMPANDOR 








SA5752 








NOISE 
CANCEL 


PREAMP 
BANDGAP 
VOLTAGE REF 
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ABSOLUTE MAXIMUM RATINGS 3 


[veo | Powersuppywotaeranee SS SSCSC~*iCSC‘“‘t HC 
% 
% 


x 
% 











RATING 






DC ELECTRICAL CHARACTERISTICS 


Ta = 25°C, Voc = +3.0V, 0dB = 77.5mMVanys. See test circuit, Figure 4. 
LIMITS 


| SYMBOL TEST CONDITIONS 
‘ean ee ee 
Ld 
L pins NCANout, EXPoyt _ | 50 kQ 
(es ce 
ZIN 






PARAMETER 












TYP 
3.0 9.9 
No signal 5 ie 
COMPOu a aes 
Input impedance | | | 
COMP in, MICin my = = 


OO 


NOTES: 

Compressor is tested in production with 50kQ load. 

Not tested in production. 

Offset values are identical for both gain states of noise reduction circuit. 

Operational down to Vcc = 2V. . - 








oe IN 


AC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Voc = +3.0V, OdB level = 77.5mMVams. See test circuit, Figure 4. 


LIMITS 
SYMBOL PARAMETER ~ TEST CONDITIONS ae UNIT 
| Testeowomons | “age [ma] ONT 
Preamplifier gain range 0 40 dB 
Preamplifier voltage gain OdB Pin 2 open ~  -1.0 0 mm 1.6 dB 
Preamplifier voltage gain 40dB Pin 2 AC ground 39.0 40 41.0 dB 
Pin 2 AC grounded 
RS = 50kQ 
unweighted 20Hz-20kHz re nVv/VHz 
weighted CCIR | 
nV/NHz 


DIN45405 20-20kHz 


| Switchamplifiergain | tt 


Compandor 1kHz, all tests! 


















Preamplifier noise density 











Compressor afore STB oud [patio 4008 [0 one 
Compressor erorat-10dB ouiptlovel [Input levet= 2008 [7.0] on [10 | a8 
Compressor eror al 0dBoviptlevel [nputtovel=0u8 | 18 [soa [15 | 8 
Compressor error at +5dB output level Input level = +10dB | +100 [| +004 | 10 | GB | 
Expandor error at -42dB output level | Input level = -21dB | -1.0 | -0.12 | 10 | oB | 
exPour | Sxpandorerorat-210B oubptievel ~~ [Iputiever=-10.508 [10] aa] 10] aa 
Expandor error at -10dB output level Input level = -5dB | +40 =| 40.03 | 10 #x| dB | 
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AC ELECTRICAL CHARACTERISTICS (Contineud) 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS ymin | = 
0 








| UNIT 






cary 
on 


Expandor error at OdB output level Input level = 0dB 5 
Expandor error at +10dB output level Input level = +5dB | 
Expandor error at +20dB output level? Input level = +10dB 


mar 
io) 









fecea ee] Timing capacitors compandor [to os, ne 2200 











0 
0 
0 


a res mA 
Low level Open collector I, = 

VOXctTL Input current Low 

lh 


Oo 
aS 
<3 


V 
LA 
LA 


Vec 
-50 —-6.6 0 
pfomes || ce? | 
High 0.7Vcc Voc V 
Hppn Input current Low -10 —4.1 +10 LA 
a 


THD Total harmonic distortion 
1kHz, 0dB 
Compressor BW=300-3kHz 
1kHz, 0dB 
Expandor BW=300-3kHz pf ot 
1kHz. Pin 2 open 
| NCANout output level = OdB | 002 ° 
1kHz, Pin 2 open ! | % 
| output level = +20dB : 
eat eee! : 
Input level Low aco 


P 

2 

1 
2 


Input level Low 0 0.3Vcc V 
0.7Vcc Voc V 





High 
| atrente ier capasion es ee 





NOTE: 
1. Measurements are relative to OdB output. 
2. Measurement is indicative of the output dynamic range capability. 
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Companding and Amplifier Section Filter and Control Section 
$A5752 $A5753 


PREAMP 
MICROPHONE 





, : 
BANDPASS 
AUDIO TO 
FIETER TRANSMITTER 





GAIN 
CONTROL 














VOx | 
OUTPUT 


TX 


PRE- | 
COMPRESSOR 





RX RX 
DE- BANDPASS 
EMPHASIS FILTER 
AUDIO FROM 


RECEIVER 
EXPANDOR DEMODULATOR 
OO DTMF 
HEADPHONE 


I . ATTENUATOR 


i! <P A) INTERFACE RRC 
FROM SYSTEM 
SPEAKER : CONTROLLER |2C BUS 
































TDA7050T VOX CONTROL 





Figure 1. Typical Configuration of Audio Processor (APROC) System Chip Set 
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DEMOD DATA RXDATA 
DATA BLOCK XCLOCK DATA PROCESSOR 


POWER SUPPLY 
TXDATA 


DCLOCK 























RF BLOCK 
AUDIO BLOCK LOGIC UNIT POWER SUPPLY ENABLE 





SPEAKER 





CONTROL UNIT 


Figure 2. Cellular Radio System 
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Figure 3. APROC Application Diagram 
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Figure 4. SA5752 Test and Application Circuit 
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TYPICAL PERFORMANCE CHARACTERISTICS 





Power Down Supply Current vs 
Temperature and Supply Voltage 


Supply Current vs Temperature and Supply Voltage 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 





Noise Cancellation Switching Amplifier 


DYNAMIC RESPSONSE 


1 30.0mV/div 





MICIN PIN 1 








Doe a aa ee at 
te}-1 +4 - I-t-l4 - ree Cero eel 4 30.0mV/div 


Veen Aap 0 eth Y nom tahoe soar 


=j= tt 


=) + 





50.0ms/div 


STOP MARKER: 11.960 ms 
START MARKER:  0.00000s 
At!) 11.960 ms 


Voice Activated Transmitter (VOX) 


DYNAMIC RESPSONSE 
1 30.0mV/div 


a]R1 


NCANOUT PIN 20 


3 1.00V/div 





a 61 


-l4HoH 4+ bh -fAao ab 


PIN 5 
= LOW 


=) Ey=l + Is] 
< < 
Oo O 
& § 
-_ 








50.0ms/div 
STOP MARKER: 120.000 ms 
START MARKER: 0.000005 
At: 120.000 ms 
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Audio processor - filter and control section 


SA5753 


DESCRIPTION 

The SA5753 is a high performance low power CMOS audio signal 
processing system especially designed to meet the requirements for 
small size and low voltage operation of hand-held equipment. The 
SA5753 subsystem includes complementary transmit/receive voice 
band (300-3000Hz), switched capacitor bandpass filters with 
pre-emphasis and de-emphasis respectively, a transmit low pass 
filter, peak deviation limiter for transmit, digitally controlled 
attenuators for signal level and volume contro}, audio path mute 
switches, a programmable DTMF generator, power-down circuitry 
for low current standby, power-on reset capability, and an IC 
interface. When the SA5753 is used with an SA5752 (companding 
function), the complete audio processing system of an AMPS, 
TACS, NAMPS or NTACS cellular telephone is easily implemented. 


The system also meets the requirements of the proposed NAMPS or 
NTACS specification, and can be used in cordless telephone 
applications. 


The SA5753 can be operated without the I2C bus interface by 
pulling DFT (Pin 13) HIGH. 


BENEFITS 


® Very compact application 
® Long battery life in portable equipment 


® Complete cellular audio function with the SA5752 


APPLICATIONS 


® Cellular radio 
@ Mobile communications 
® High performance cordless telephones 


@ 2-way radio 


ORDERING INFORMATION 





20-Pin Plastic Small Outline Large (SOL) Package 
20-Pin Plastic Shrink Small Outline Package (SSOP) 





ABSOLUTE MAXIMUM RATINGS 









Ambient operating temperature 
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7 D and DK Packages 











TXBFinN TXOQUT 
TXBFOQUT DATAIN 
PREMPIN TX MUTE 
VpD SDA 
VOXCTL SCL 
HPDN SA5753 GND 
DEMPQUT CLKiN 
AUDIO}N DFT 
SPKROUT RX MUTE 
EARQUT RX DEMOD|jy 








DESCRIPTION TEMPERATURE RANGE | ORDER CODE | DWG# | 





[Woo |Powersuppywolagerange SSCS HCCC 
Tn | Voltage appliedto any ohersin SSS COT Vgpw 
P_[Storagetemperate ——SSOSCSCSCSCSCSCSCSC~i TS 
Ta 





FEATURES 
® Low 3V supply 


® Miniature SSOP package 

® Low power 

® High performance 

® Built-in programmable DTMF generator 


® Built-in digitally controlled attenuators for modulation and volume 
control 


® Built-in peak-deviation limiter 
® |2C Bus controlled .. 

® Power-on reset 

® Power down capability 

® Programmable mute control 


® Meets AMPS/TACS/NAMPS/NTACS requirements 





-40 to +85°C SA5753D 0172D 
-40 to +85°C SA5753DK 1563 









V 
V 
eC 
Ee 


-40 to +85 fee! 
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PIN DESCRIPTIONS 


2 


























| AUDIO ‘Audio input 
SPKRout Audio output fo speaker 


4 


7 DEMPout De-emphasis output : 
Audio output to earpiece 


0 
12 
13 
14 
15 

6 
4 
8 
9 


D 
S 


1 
1 


RX DEMODjj Rx demodulated audio signal input 


N 
{ TX MUTE Tx audio signal mute input 
1 DATAINn Data input 
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DC ELECTRICAL CHARACTERISTICS 


Ta = 25°C, Vpp = +3.0V, unless otherwise specified. See test circuit, Figure 1. 


SYMBOL PARAMETER . TEST CONDITIONS 


Power supply voltage 


Operating 
Supply current IDLE 


[a . Power Down (PWDN) 
Input current high 
TX MUTE, RX MUTE, HPDN 
DET 


Vop 
HH 
Input current low 
lie TX MUTE, RX MUTE, 
HPDN, DFT 
Input voltage high 
Input voltage low 





AC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vop = +3.0V. See test circuit, Figure 1. Clock frequency = 1.2Ml; test level = OdBV = 77.5mV ams = -20dBm, unless otherwise 
specified. All gain control blocks (Attenuators) = 0dB gain, NAMPS and VCO bits set to 0. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS TYP 


RX BPF anti alias rejection 
RX BPF input impedance f= 1kHz 


—— 4 i 
—hee ee ee i 
[TX BF gain with de-emphasis———~—=dY Ste 00H 
[RKB gain with deemphasis ———S—*sdCOSC« OOH 
[RX PF gainwith de-emphasis——S—S—~dtCSCi OK? ——C*d?CO 
[ [RX PF gain-withde-empnasis _—S—=dSSSCi BK 


ee a ee 
[ [ob ewPour outputimpedance————SS~dSC 
[BE WPour output swing (19% | 2x10 Voom t= mre | 
[|S KRour ouput swing (799) | 50k TVopi f= KH | _Voo 7 
[ [SP KRournoiseEARournose Sid SSCS*d 
Jetkwiow SSCS 

[BF anivalas rejection ————SSSC—~dCSCS 
[KBP inputimpedance ———SSS—~dCOSCSCi 
4 
i 
al 
i 
al 
3 
J 
——s 
aaa 
4 
4 


[200 [Vas 
a SOO 
[TXLPF gain wih preemphasis __—=«dt= te cov | —SC*dYCeas PC 


TX BPF noise 300 - 3000kKHz 
TX LPF gain with pre-emphasis fotze | itt —~* 


TXLPF gain wih pre-emphasis f=toorz | | —-19_—~| ——_| emo 
TX LPF gain with pre-emphasis | f = 300Hz PT 10.45 || dBm 


[TXLPF gain wit preemphasis | _f=se00ke | _——+|| 28 |__| amo 

[TXLPF gainwih preemphasis ————~+d| =o «| S«dYC |i 

ee 
NOTES: 


1. Tx noise performance is optimized for operation with Voc < 4.2V. 
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AC ELECTRICAL CHARACTERISTICS (continued) 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS ; TYP UNIT 


Rover gan 
| «| TX overalll gain 5.9kHz 


Tl 
[x BPF dynamicranges——OSOS—S 
cay : 






PREMPy input impedance . f = 3kHz 


MIN, | 

fe 

a 

[aad 

TXouT Slew rate Gi: = 15pF 0.75 V/us 

Output impedance f = 3kHz 40 Q 
Output swing (limiting) ie Vp.p 
Output swing (1% THD) 5kQ load (25°C) | 1.0 Vp-p 

aes [ie 

0.8 


| ss | TXDTMF signal with TXLPF and pre-emphasis [| 








Rx DTMF sidetone 


Time delay to mute from RX MUTE or TX MUTE 
transition 
SYMBOL TYPICAL STEP (dB) 






Vin = Vit to Vin 
Vin = Vin to Vit 


A 
[er 


+3.5 
a +1.9 in A2b 


1 
2a 
2b 
3 
4 +0.5 
6 
rs 
CO 


76.0 in Ad 
MSB sets the sign of the gain 


For A2a, A4 and A7: MSB = 0 for gain 
MSB = 1 for attenuation 


: All bits set to 0 = OdB gain : 
PoballiGall) Blocks: | All bits set to 1 = maximum gain or attenuation 





FUNCTIONAL DESCRIPTION a. Al compensates for microphone gain variations in the transmit 
The SA5753 is an audio signal.processor designed to meet the path. 
requirements of compact low voltage radio telephone equipment. It b. A2a compensates for transmitter dynamic range variations due to 


includes transmit and receive bandpass filters for voiceband 

(300-3000HZz) with pre-emphasis and de-emphasis respectively, a 
transmit peak deviation limiter, voice channel mute switches and a 
data path which can be summed into the transmit channel. An |2C 


manufacturing tolerances of the SA5753 and SA5752 compandor 
companion device. To meet AMPS requirements, the dynamic 
range between the zero crossing signal level of the compandor 
and the peak signal allowed by the deviation limiter is adjusted to 


interface is provided for software programmability of a DTMF 12 34qB. 

generator, mute polarity, selection of different power down and 

operating modes and control of the gain in both the transmit and c. A2b allows coarse attenuation to be inserted in the transmit path 
receive channels. to eliminate positive feedback effects in hands-free speaker 


applications. First step is 12dB followed by two steps of 6dB. 
Software programmable gain control allows the device to be 


automatically optimized during equipment production and offers d. A3 sets the gain between the DATA\y pin (Pin 19) and the TXourt 
flexibility during normal operation. pin (Pin 20) and should be adjusted after A2a and A4 have been 
previously optimized. The SA5753 will interface directly with the 
Gain Blocks UMA1000T data processor (which produces a 2Vpk data signal). 
The programmabie gain blocks are shown in Table 1 and Figure 1. For NAMPS applications an additional 10 to 14dB resistive divider 
The purpose for each block is as follows: must be added at the DATAyy pin (Pin 19) for a 2V data signal. 
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e. A4 compensates for transmit gain variations due to manufacturing 
tolerances of the SA5753, SA5752 and VCO connected to TXout 
(Pin 20). After A2a has been adjusted to set dynamic range then 
A4 is used to set the peak output voltage at TXgyt (Pin 20) such 
that a nominal 10kHz/V VCO produces a peak deviation of 12kHz 
to meet AMPS specifications. 


f. A6 is the volume control for both the SPKRoy7 and EARout-: 


g. A7 compensates for manufacturing tolerances in the SA5753 and 
preceeding demodulator. For AMPS requirements, a 1kHz tone 
with 2.9kHz deviation should produce an output signal at 
DEMPour (Pin 7) corresponding to the zero crossing signal level 
of the expandor. 


NAMPS and VCO Offsets 

For NAMPS applications, a ‘1’ programmed into R5B3 (register 5, bit 
3) will offset the transmit gain for NAMPS applications. It is 
recommended that A2a and A4 be programmed after the NAMPS 
option is set to compensate for manufacturing tolerances in the 
NAMPS offset, itself. 


When the VCO bit of R5B2 is a ‘1’, an extra gain of 6dB is provided 
at TXouyrt for direct interface to VCOs with a nominal gain of 5kH2/V. 


Operation Using the I2C Communications Bus 

The SA5753 includes on-chip gain blocks and options which can be 
programmed through an |@C interface bus. To use this capability, 
the DFT pin (Pin 13) must be pulled LOW. In this mode, all signal 
level adjustments can be made through software with no external 
potentiometers required. 


With DFT pulled LOW, the HPDN pin (Pin 6) is an OUTPUT having 
the same value as the program bit in register 5 bit 1 (R5B1) of the 
control register bit map. The value at the VOXc7_, output (Pin 5) is 
the same as the program bit in R8B7. The HPDN and VOXcq. 
outputs can be used to control the state of the SA5752 companion 
device. 


Power On Reset and Power Down Modes 

In order to avoid undefined states of the SA5753 when power is 
initially applied, a power-on-reset circuit is incorporated which 
defaults RxP and TxP such that the receive and transmit paths are 
muted if a ‘high’ voltage is applied to RX MUTE and TX MUTE (Pins 
12 and 18). RX MUTE and TX MUTE include on-chip pull up 
resistors So, during power up, the user may apply a logic ‘1’ to these 
pins or leave them floating. After power up, the registers can be 
programmed and the mutes removed by a quick access write to RO. 


Three software controlled low power modes are provided on the 
SA5753. These are POWER DOWN (PWDN), IDLE and DENA and 
can be selected by programming a ‘1’ into R6B2, R6B1 or R6BO as 
follows. In PWDN mode (R6B2=1) both the voice and data 
channels are powered down with the respective I/O pins at a high 
impedance. In DENA mode (R6B1=1) the voice channels are 
powered down, but the data channel (from DATAjy and TXoyt) is 
fully active. In IDLE mode (R6B1=1, R6BO=1) both voice and data 
channels are powered down. (See Table on page 8.) 


The difference between selecting IDLE and PWDN is that the former 
maintains the normal operational bias voltages at all voice and data 
1/O pins and provides a glitch-free transfer from power down to a 
fully active mode and vice-versa. 


Although the POWER DOWN mode exhibits lower power 
consumption, glitches may occur when transferring to an active 
mode because of the previous high impedance of the I/O pins. 
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The VOXcer, and HPDN pins (Pins 5 and 6) still have the same 
value as R8B7 and R5B1 in all low power modes. 


Operation Without Using the I2C Bus 

The SA5753 can be operated in a default mode with the I2C bus 
bypassed. To use this mode, the DFT pin (Pin 13) is pulled HIGH, 
then the I@C bus is bypassed and the SA5753 operates as if all 
register bits in the I@C address map table are set to ‘0’ except R1B2 
(S13), ROBO (S10) and ROB1 (S9), which are set to ‘1’ to enable the 
receiver output. R6B2 (PWDN), which is controlled by the state of 
the HPDN pin (Pin 6), which is an input in DEFAULT mode. 


When HPDN is pulled HIGH, the R6B2 bit is set to ‘0’ and the 
SA5753 is placed in it’s normal operating mode with all Gain Control 
Blocks set to OdB except A3, which is set to -2dB. 


When HPDN is pulled LOW, the R6B2 bit is set to ‘1’ and the 
SA5753 enters POWER DOWN. 


There is no on-chip pull-up or pull-down structure on the HPDN pin 
and so it must not be allowed to float in DEFAULT mode since the 
operating mode of the SA5753 will then be undetermined. 


The Tx MUTE and Rx MUTE pins must be pulled LOW to enable the 
transmit and receive paths, respectively. 


The VOXCTL pin (Pin 5) will follow the value of the control bit stored 
in R8B7 prior to pulling DFT HIGH. 


The DTMF is disabled in the DEFAULT mode. 


Programming Without the I2C Protocol 

In the default mode, with DFT (Pin 13) and HPDN (Pin 6) pulled 
HIGH, the registers in the control register bit map are chained 
together so that bit 0 of a register is connected to bit 7 of the 
preceeding register with ROB6, ROB7, R1B6 and R1B7 bypassed, 
i.e., ROB5 is connected to R1B0, R1B5 is connected to R2B0, R2B7 
is connected to R3B0, efc. Bits can then be loaded as a serial 
stream through the SDA pin of the |?C bus by the negative edge of a 
shifting clock applied at the SCL pin of the I2@C bus. When a bit is 
loaded at SDA it will load first into ROBO and then will be shifted to 
R8B7 after 68 clock edges. 


A total of 68 clock pulses (applied at SCL) are therefore required to 
completely load the registers. 


In this mode of operation the contents of the register map are also 
shifted out from the VOXcT_ pin since it takes the same value as 
R&B7. After power up there is no reset within the registers so the 
first 68 bits clock out at the VOXcrT_ pin will have an indeterminate 
value. 


Summary: To use this capability, the DFT pin and the HPDN pin 
must be pulled HIGH, the serial bit stream loaded through SCL 
synchronous with the negative clock edge applied at SCL for 68 
clock pulses, and then the DFT pin pulled LOW. 


Cordless Telephone Applications 

For cordless telephone applications, a switch S12 is provided 
(R5B0) to route data through the complete transmit path while 
inhibiting the voice channel. In the receive path, a quick access 
mode is provided through the I2C to disable both EARgut and 
SPKRoyrt, by setting ROBO and ROB1, when data is detected at the 
DEMPouyr pin (Pin 7). 
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IC CHARACTERISTICS 

The I°C bus is for 2-way, 2-line communication between different 
ICs or modules. The two lines are a serial data line (SDA) anda 
serial clock line (SCL). Both SDA and SCL are bidirectional lines 
connected to a positive supply voltage via a pull-up resistor. When 
the bus is free, both lines are HIGH. Data transfer may be initiated 
only when the bus is not busy (both lines HIGH). | 


The output devices, or stages, connected to the bus must have an 
open drain or open collector output in order to perform the 
wired-AND function. - 


Data at the I2C bus can be transferred at a rate up to 100kbits/s. 
The number of devices connected to the bus is solely dependent on 
the maximum allowed bus capacitance of 400pF. 


For devices operating over a wide range of supply voltages, such as 
the SA5753, the following levels have been defined for a logical 
LOW and HIGH; 


VILMAX = 0.3Vpp (max. input LOW voltage) 
VIHMIN = 0.7Vpp (min. input HIGH voltage) 


Data Transfer 

Data is transferred from a transmitting device to a receiving device 
with one data bit transferred during each clock pulse on the SCL 
line. The transmitter also generates the clock once arbitration has 
given it control of the SCL line. The data on the SDA line must 
remain stable during the HIGH period of the clock cycle, otherwise it 
may be interpreted as a control signal. 


Start and Stop Conditions 

Both data and clock lines remain HIGH when the bus is not busy. A 
HIGH to LOW transition of the data line while the clock line is HIGH 
is defined as a start condition. A LOW to HIGH transition of the data 
line while the clock is HIGH is defined as a stop condition. 


Acknowledgement . 

Following each byte of data transfered, the receiver must 
acknowledge successful recepticn. To do this the transmitter 
releases the SDA line (allowing it to go HIGH) at the end of each 
transmitted byte, and it is pulled LOW by the receiver. If this 
condition is maintained during the next HIGH period of the clock 
pulse (called the acknowledge clock pulse) then data transfer is 
resumed. If the receiver does not pull the SDA line LOW, the 
transmitter will abort the transfer. 


lI2C Bus Data Configurations | 
The SA5753 is always a slave receiver in the I2C bus configuration). 
The slave address consists of eight bits in the serial mode and is 
internally fixed. 
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Control Registers 

The control register bit map is shown below. Either a quick access 
or normal address mode can be used, determined by the two MSB 
bits in the first word following the SA5753 address word. If the quick 
access mode is used, the registers RO or R1 can be updated by 
sending only two bytes of information (address plus update). If RO 
or R1 are updated using the address mode, then B7 and B6 of the 
data word are ignored. In all access modes, incremental register 
addressing is supported with following words updating the next 
register until a ‘stop’ bit is sent. 


High Tone DTMF Register 
MSB LSB 
HD7 HD6 HD5 HD4 HD3 HD2 HD1 HDO 


The eight bits determine the output frequency by the following 
formula.: 


High Frequency = 1200kHz/6/HD 
where HD is the value of the register. 


Low Tone DTMF Register 
MSB LSB 
LD7 LD6 LD5 LD4 LD3 LD2 LD1 LDO 


The eight bits determine the output frequency by the following 
formula.: 


Low Frequency = 1200kHz/14/LD 
where LD is the value of the register. 


The operation of the 96ms DTMF timer is initiated by the loading of 
the low tone DTMF register. This timer terminates transmission of 
the tones as the generated tones cross the reference level after 
96ms. The on time of the tones can thus vary by up to one cycle of 
the tones. 


Continuous tones can be obtained by again loading DTC = 1 in R1, 
bit 5. 


Single tones can be obtained by loading 2 into the unused tone 
register to silence it. 


Loading a value of 1 or 0 into the registers will default the register 
value to 257 or 256 for high tone or low tone, respectively. 


Phase continuous frequency modulation can be produced by loading 
a new value into a DTMF register during continuous operation 
(DTC=1). 
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l2C Address and Access 














| s | A7 AG A5 A4 A3 A2 A1 AO ACK| F7 F6 F5 F4 F3 F2 F1 FO | ACK | P | 


S = start, AO = 0, ACK = acknowledge, P = stop, A7-0 = SA5753 address fixed internally at 1000000. 
Access mode is determined by F7, F6. . 











All access modes support incremental addressing. 




















____ Mode _B7 F6 ; Action . 
quick access | 0 0 Load F5—FO to ROB5 — ROBO 
quick access 0 1 : Load F5-F0 to R1B5 — R1B0 
testmode | 1 | 0 | Fortestonly. DO NOT USE. 

i address mode | 1 1 EF F3-FO point to register 














Address Map 




























































































REG Address Register Bits 
F3  F2 | F1/| FO B7 B6 B5 B4 B3 B2 B1 Bo 
0 oy (ea eG ed a 9) a 4 ¥ RxM | TxM A2bb1| A2bb0 |) S9 $10 
—j— | 
je FO Oe OE ¥ ¥ DTC | S4 $8 $13 $7 $2 
P27 OP)! Oe HD7 | HD6 | HDS | HD4 HD3  HD2 HD1 HDO 
R3{ 0] 0,1] 1 | LD? LD6 LD5 | LD4 LD3 | LD2 LD1 LDO 
R4)/ 0) 1]0) 0 A1b3 | Aib2 | Aib1 | A1b0 A4b3 | A4b2 | A4b1 | A4b0 
com Ve (i ee © | A6b3 | A6b2 | A6b1 | A6bO NAMPS VCO _ |-HPDN | $12 
BGA 2021) 2h eae @ A2ab4, A2ab3|} A2ab2| A2abi | A2ab0) PWDN| IDLE 1| IDLE 0 
ges el elie af A3b3 | A3b2 | A3b1 | A3b0 A7b3 | A7b2 | A7b1_ | A7bO 
R8)/ 1/0 {| 0) O | VOXer7,_ S38 S5 S6 $11 RxP TXP $1 
Y = ignored in address mode. _ 
For all bits TRUE = ‘1’ 
A1ib3-0 = _ program bits for gain block A1 Le = transmit mute polarity 
A2ab4-0 = _ program bits for gain block A2Za DTC = DTMF continuous 
A2bb1-0 = _ program bits for gain block A2b $1 = bypass TXBPF 
A3b3—0 program bits for gain block A3 S2 = bypass compressor in TX path, inhibit pre-emph input 
A4b4—0 program bits for gain block A4 S3 = bypass pre-emp and limiter in Tx path 
A5b2-0 = _ program bits for gain block A5 S4 = — enable DTMF to TX path and inhibit PREMP)y and S2. 
A6b3-O0O = _ program bits for gain block A6 S5 = bypass RXBPF 
A7b3-O = _ program bits for gain block A7 S6 = __ bypass de-emph in RX path 
HD7-O = _ high tone DTMF S7 = bypass expandor in RX path, inhibit audio input 
LD7-0 = low tone DTMF S8 = — enable DTMF to RX path and inhibit AUDIO, and $7. 
NAMPS = _ program bit for NAMPS offset S9 = enable SPKRour 
VCO =  6dB higher TXgyt $10 = = enable EARour 
RxM = receive mute S11 = bypass TXLPF 
TXM = transmit mute $12 = cordless data option established 
RxP = receive mute polarity S13 = enable data path 
VOXctTL = enable VOX of compandor/expander circuit. This bit appears at the VOXcT__ pin (Pin 5) of the SA5753. 
HPDN = enable power down of compandor circuit. This bit appears at the HPDN pin (Pin 6) of the SA5753 


PWDN, IDLE1, IDLEO see Table below 


Low Power Modes (R6BO0 — R6B2) 






































PWDN _ IDLE1 | IDLEO 
1 X X (PWDN) Complete power down except I@C, I/Os high impedance. 
0 4 0 | (DENA) Low power, I/Os at Vpp/2, DATAin to TXgyt enabled. 
0 | 1 (IDLE) Low power, I/Os at Vpp/2, DATA) to TXoyr disabled. 
0 0 0 Normal operation. | 
0 0 1 DATA\\ to TXoyr disabled. 














X = don't care. 
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Figure 1. SA5753 Test and Application Circuit 
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Figure 3. Typical Configuration of Audio Processor (APROC) System Chip Set 
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_—————————————————— a ee es 
Author: Alvin K. Wong 


INTRODUCTION - 1V. EVALUATION SOFTWARE AND DEMOBOARD 
The SA5752 and the SA5753 are two audio processor chips that ¢ DTMF 

can be used in designs that require 3 volt operation. This chip set, 

known as the APROC II (SA5752 and SA5753), is functionally V. QUESTIONS AND ANSWERS 


similar to the APROC | (SA5750 and SA5751), but with a number of 
enhancements which allow more design flexibility for the designer. 


Additionally, the APROC II offers the same high performance as the I. KEY DIFFERENCES BETWEEN APROC I AND 


APROC I. The SA5752 is the low voltage version of the SA5750, APROC Il 

and the SA5753 is the low voltage version of the SA5751. Figures 1 Table 2 shows the main differences between the APROC | and II. 
and 2 show the block diagrams of the APROC II and APROC I, One noticeable difference is the power consumption and power 
respectively. Notice that the differences are subtle and pertain down currents. Moreover, the SA5753 has three power down 
primarily to the amplifier section. modes which will be discussed in detail in the Power Down Mode 


If a designer is not familiar with the APROC | chip set, he/she can Socom eninls app learonnele: 


refer to AN1741 which discusses the basics of audio processing and Comparing the SA5750 and SA5752 
the key functions used to meet the strict requirements for cellular The SA5750 and SA5752 differ in the following ways: 
specifications. Additionally, it describes how to design with the chip 
set and how to measure attack and release times for the compandor Packaging 
section. There are minimal differences between the SA5750 and the 
; ae ; : ; ; SA5752. Instead of a 24 pin package, the SA5752 is offered in a 20 
This application note should be used in conjunction with AN1741 to pin package. This change allows the SA5752 to come in the SSOP 
fully understand audio processing. Experience with the APROC | package. The SSOP package is smaller in dimension than the 
will help aid the designer in learning the APROC II, but this is not a standard SO package which saves space. 


necessity. This application note will focus on the main differences 


between the APROCs and highlight key areas of the APROC II. External Amplifiers 


Since many APROC | customers use their own external speaker 


I. KEY DIFFERENCES BETWEEN APROC | AND and ear amplifiers, the SA5752 was designed without them (see 


Figures 1 and 2). However, the other key blocks are present, like 


APROC H the preamp, VOX, compressor, expandor, and noise canceller 
¢ Comparing the SA5750 and SA5752 circuit. 
— Packagi 
oviiee, - Since the SA5752 does not supply the ear and speaker amplifiers 
— External Amplifier internally, an external one can be used. The Philips TDA7050T is 
— Power Consumption the recommended choice, because of its low voltage operation and 
¢ Comparing the SA5751 and SA5753 high performance capabilities. 
~- Packaging Power Consumption 
— Power Consumption The current consumption and power down mode has been improved 


in the SA5752. For normal operation, the SA5752 only draws an Icc 

of 3.1mA for a 3 volt supply compared to the SA5750, where Icc = 

— Power Down 8.4mA for Voc = 5V. Additionally, in the power down mode, the 

- Programmable Transmit and Receive Mute Polarity Function SA5752 only draws 0.2mA of current, compared to 1.8mA for the 

~ Non-I2C Operation (Default Mode) SAS750. Recall that the power down mode is implemented when 
the chip is not being used to conserve battery life. The power down 


— Programmable Gain Attenuators 


~ Cordless Application feature is preferred instead of completely turning off the power to the 
— VCO Mode chip because the turn on time to normal operation is faster. 
— NAMPS Mode 


Comparing the SA5751 and SA5753 
The SA5751 and SA5753 differ in the following ways: 


Il. SA5752 Packaging 
¢ Preamp The SA5751 is available in a 24 pin DIP package or a 28 pin SO 
# VOX package. 
¢ Noise Canceller Similar to the SA5752, the SA5753 is also offered in the 20 pin 


SSOP package. The combination of these packages allows all the 
audio processing functions to be done in a minimal amount of board 
space. 


¢ Compressor 
¢ Power Down 


Power Consumption 
ill. SA5753 The current and voltage specification has also improved for the 
¢ Non-I2C Operation (Default Mode) SA5753. This chip draws 2.1mA at 3V compared to 2.7mA at 5V for 
the SA5751. There is also additional current economy from the 
three different power-down modes, PWDN, DENA and IDLE (see 
¢ DIMF Power-Down section). These power-down currents are 0.2mA, 
¢ The Limiter and All-Pass Circuit 0.6mA and 0.7mA compared to 0.9 for the SA5751. 


¢ Programming Without the I2C Protocol 
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Programmable gain attenuators ports. The SA5751 has only one programmable gain attenuator in 
The SA5753 has the same key block functions as the SA5751, but the receive path which can be used as the volume control. Table 3 
there are additional features. The SA5753 has nine programmable shows the programmable gain attenuators’ range for the SA5753. 


gain attenuators throughout the transmit and receive path. This 
allows the designer the flexibility to tailor the signal level at different 
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Table 2. Key Differences Between APROC I and APROC II (All values are Typical) 


PWDN 0.2 

1.8 IDLE 0.6 
DENA 0.7 

| SA5753D 

SA5753DK 


Power Down lIcc (mA) 


Packages: 


NE: 0 to +70°C NE5750N NE5751N 


NE5750D NE5751D 
SA5751N SA5752D 


SA: —40 to +85°C SA5750N 
SA5750D SA5751D SA5752DK 


l2C Protocol Not required 


Package Codes: 
N: Plastic Dual In-Line Package (DIP) 
D: Plastic Small Outline (SO) 
FE: Ceramic Dual In-Line Package 
DK: Shrink Small Outline Package (SSOP) 


Not Required 


*Operating the SA5753 without the IC protocol means 
DTMF generator and gain attenuators are no longer 
functional. See SA5753 section for more details. 
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Table 3. Attenuator Gain Blocks (SA5753 

































































SYMBOL | Bits TYPICAL STEP (dB) TIPE AE Gane) 
MIN MAX 
Aid| 08 | HDD 0 
A2a 5 | CH0.25 75 43.75 
Ae | 2 6, 12 on first) 24.0 0 
3 4 1.0 “17.0 2 
AA = 105 ~ me: +35 
AG 4 -2.0 ~30 0 
|_A7 4 -6,(-12onfirst) |  -24.0 | +35 
NAMPS | 1 TeinAd 
| veo [| 4 | | +6.0in as 





For A2a, A4 and 47; MSB sets the sign of the gain 
MSB = 0 for gain 
MSB = 1 for attenuation 


| For all Gain Blocks: All bits set to 0 = OdB gain 
All bits set to 1 = maximum gain or atlenuation 











Table 4. Power-Down Modes (SA5753) _ 
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PWDN IDLE) IDLEO | 

| x (PWDN) Complete power down except I2C, i/Os high impedance. 

0 | 1 | 0 | (DENA) Low power, I/Os at Vpp/2, DATAjy to TXout enabled. 

0 1 | 1 | (IDLE) Low power, I/Os at Vpp/2, DATAW to TXout disabled. 
| 9 | O | 0 | Normal operation. 

0 | oO 1 DATA to TXgyr7 disabled. 

X = don't care. 
The benefit of having signal amplitude control throughout the signal Programmable Transmit and Receive Mute Polarity Function 
path is that a designer will no longer have to add an extemal The SA5753 also has programmable transmit and receive mute 
amplifier to boost signals. Additionally, external resistors aré no polarity functions (TxP and RxP). A designer can mute the transmit 
longer needed to attenuate the signal. The SA5753 programmable or receive path with a logic ‘1 or ‘0’ on the TxMute or AxMute pin 
gain attenuators make a design more flexible which saves cost and depending on how the SA5753 is programmed by (2C. 
board space fram external components. The benafit of having programmable transmit and receive mute 
polarity functions is that it eliminates the need for an inverter chip 
Power Down which saves on costs, power, and space. If the microcontroller or 
The SA5753 has three different power down modes compared to data processor (DPROC) can only provide a logic ‘1’ to mute the Tx 
only one for the SA5751. The three power down modes are PWDN, and Rx signal path, then to mute the chip-set the standard way, an 
IDLE, and DENA (see Table 4). All three power down mades have inverter gate Is needed because the logic ‘1' needs to be converted 
different current consumptions and provide different options to the to a logic ‘0’. This logic ‘0’ is then applied to the TxMute and 
Gesigner. RxMute pin. But with the SA5753, a logic ‘1’ applied to the TxMute 
and RxMute pins will mute the Tx and Rx path if the SA5753 is 

In the PWDN mode, the voice and data channels are powered programmed to mute for a logic ‘1’. 
down. This allows for maximum power conservation. In the IDLE Figure 3 shows a diagram of how the inverter gate chip is 
mode, both the voice and data channels are also powered down, but eliminated. Additionally, a logic ‘0° applied to the TxMute or RxMute 
are glitch free when going from power down to power up. pin can mute the signal path if the SA5753 is programmed to mute 


whan 4 logic ‘0' is appliad to tha TxMute and RxMute pins. Because 


The IDLE mode trades a higher standby current against glitch-free 


whereas PWDN mode is mainly used for absolute maximum power 
conservation. 


of this feature the APROC II can now interface directly with the 
power-up. Hence, the IDLE mode is usec for power conservation, Philips Semiconductors UMA1000 DPROCG. 


Since the TxMute and AxMutoe pins are separata, the Tx and Rx 


path can also be muted separately. For example, if a user wants to 


For the DENA made, the voice channels are powered cown, but the 
data channel is siiil fully active. This allows the chip set to transmit 
on reverse control channel withoul powering up the wnola APROC 


mute his/her side of ihe conversation (such that the other party 
cannot hear), but still wants to hear ihe other party, the Tx path 
needs to be muted while the Rx path is laft on. Therefore, a 


Ul. designer can provide a mute button on the keypad to provide this 


function to the user. 


In the PWDN mode, the SA5753 transmit path from the Tx Since there are Separate pins to mute thé Tx and Rx paths, a 
bandpass filter in to the Tx filter out pin has only 6dB of attenuation. designer is also given full flaxibillty in programming these pins 
This means that, if a signal is present and a designer does not want separately. He/she can define a logic ‘1’ to nave the Tx path mute 
this signal through, he/she should use the IDLE (or DENA) mode. while programming a logic ‘0’ to have the Rx path mute, or vice 
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versa (See Figure 4). However, in most designs a logic ‘0’ is 
programmed to have the Tx and Rx path muted. 


AN1742 
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§753 
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® TxMule and AxMule pins 
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to mule lor a logre ‘0 input. 


5753 





t-CONTROLLER 
or 


logic ‘1° 





A 10k sanes resistor should be connected from thé Logic signal to the 


TxMule/RxMute pin. 


This allows the APROC II to operate at 3V, while salely accepting a SV 


logic signal to these inputs. 


TXMUTE PIN 


AXMUTE PIN 


TxMute and RxMute pins 
programmad 
to Mute for a bogie “1' iAput 


® Inverter chip aliminated 


Figure 3. Benefit of Having Programmable Transmit and Receive Mute Pins 


$753 
TXMUTE PIN 


logic '1" 
-CONTROLLERL-—2 
or 


togic "0" 
DPROC 8 AXMUTE PIN 


TxMute pin programmed to mulé for a fogi¢ “1' input. 
AixMute pin programmed to mute for a logic *0’ input 


NOTE: 

A 140k series resistor should be connected from 
the Logi¢ signal to the TxMute/RxMute pin This 
allows the APROC Il to operate at 3V, while safely 
accepting a 5¥V logic signal to thase mputs. 


Flgure 4. Muting the Tx and Rx Path for Separate 
Programmable Inputs 





Non-I*C Operation (Default Mode) 

The SA5753 can also be used without the |2C protocol by pulling the 
DFT (default pin) and HPDN pin HIGH. This non-|2C operation does 
not give the designer the flexibility to tallor the signal or use the 
internal DTMF generator. However, if the SAS753 is loaded serially, 
the SA5753 can be programmed. More information can be found in 
any |2C documentation. See the $A5753 section for more detailed 
information. 


Cordless Application 

Unlike the SA5751, the SA5753 can be implemented more readily 
for cordless phone applications. The data path can be routed 
through the transmit path while Inhibiting the voice channel. In the 
receive path, the EARgyt and SPKRoy7z can be disabled when the 
data is detected at the DEMPoyr pin. 


To allow design flexibility, a designer can attenuate the data signal 
internally before itis passed through the TXoyrz pin. This eliminates 
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the need for external components and allows programmable 
attenuation steps 


such that different data amptitude inputs can be tailored in real-time. 


VCO Mode 

If the VCO bit on the SA5753 Is programmed correctly, the TXgyr 
provides an extra 6dB of gain through Attenuator 4. Therefore, the 
new range is 2.5d8 to 9.5dB. Normally the TXqyr7 signal is 
connected to a VCO (Voltage Controlled Oscillator) with a slope of 
10kHz/V. The designer can implement the VCO bit to get a stronger 
output from the SAS7§3 to match SkHz/V VCOs. 


NAMPS Mode 

Another key differance between the SA5753 and the SA5751 is that 
the SA5753 can be programmed for NAMPS mode by tailoring the 
gain attenuator settings. 


There are two attenuators that receive the modified gain 
adjustments. Attenuator 4 is reduced by ~7.6d8 and Attenuator 2B 
is boosted by 1.9dB. Therefore, the new ranges are —11.10B to 
—4.1d8 for Attenuator 4 and -22.1dB to 1.9dB for Attenuator 2B. 


The reason the gain settings are reduced is because the signal 
amplitude needs to be reduced before going to the transmitter. 
Recall that for the NAMPS mode tha frequency deviation is less, so 
lass amplitude is required. 


Hl. SA5752 

Figure 5 shows the main blocks of the SA5752: preamp, noise 
canceller, VOX, compressor, and expandor. This part does not 
require any programming blocks and therefore, no I2C is needed to 
operate this part. However, the SA5752 can be powered 
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down via the SA5753 HPDN bit, which is under |?C control. 


Preamp 

The SA5752 provides a preamp which has an adjustable gain range 
from 0 to 40dB. The gain may be adjusted with an external resistor 
which connects to Pin 2 (see Equation 1, below). Table 5 shows the 
resistor values needed to get the appropriate gain. If a designer 
wants to calculate for a different value, the equation below shows 
how to do so. 


When a designer sets the preamp gain, be Sure that the output 
signal does not clip due to the power supply rails. To prevent this, 
apply the predicted strongest signal to the preamp input and 
observe the output while setting the gain. 


Additionally, if the VOX ts implemented, be sure that the extra 10dB 
of gain is on fram the noise canceller circuit (see VOX section for 
more details). 


50, 000 
(a) 
{0\ 20} J 


where 0 < XdB < 40dB 


= 500 
“X” in dB 
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Table 5. Calculated R1 Values for Different 
Preamp Gains 


(Ce 









R1 
of eave Pin 2 open 
(i ay a cE 
ey ac aE 
a a (AT 
a (Sc 
5 , 
a | 
35 105 





| = 4s Pin 2 AC grounded 


The preamp input impedance is 50kQ, The output of the preamp is 
connected to a noise canceller which can drive a minimum load 
impedance of 50kQ. 


5 
10 
15 
20 
25 
30 
35 


When measuring the SA5752 preamp gain, be sure to measure the 
signal from Pin 20 to Pin 1. If the signal is measured from the 
SA5752 preamp input to the TXoyr of the SA5753, the signal's 
amplitude will not be the expected value due to the compressor, 
pre-emphasis, and attenuator settings. Therefore, remember to 
measure the preamp gain from the SA5752 preamp out to in. 
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L Figure 6. VOX Threshold Points 


VOx 

The SA5752 VOX circuitry operates like the SA5750 in that it works 
in conjunction with the noise canceller circuit. With the VOX 
activated, the nolse canceller circuit will provide 10dB of gain when 
the Input signal surpasses the “on” threshold point. When the input 
signal drops below the *off’ threshold point, the noise canceller 
provides OdB of gain. Figure 6 illustrates this function. 


Table 6. VOX Truth Table 













Noise Canceller Gain VOXourt (Pin 5 of NE5752) 
OdB logic ‘0’ 
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The VOX circuitry is useful for hands-free operation. This function is 
normaily used in mobile conversation. Because there is road noise 
present in a moving vehicle, it is desirable to be able to prevent this 
noise from being heard. If the VOX threshold is set correctly, the 
noise canceller will provide 10dB of gain when the user speaks and 
a gain of O¢dB when the user stops speaking. The other party will not 
hear the road noise in the background as loudly. Another feature of 
the VOX circuitry is that it can be used to save power. The 
transmitter can be switched off during non-speech periods if voice 
discontinuous mode (AMP) is enabled. 


The VOXoyt and VOXc7p_. Pins 5 and 14 respectively, can be 
used to determine the status of the noise canceller. Since the 
VOXour pin is an open collector output, a designer should connect 
a 10k oull up resistor to Vac. This allows the output to read a high 
or low reading to determine the status of the noise canceller. Table 
65 shows how Pins 5 and 14 can be used. 


Having a logic '0’ on Pin 14 (VOXe7R;) |S Sulficrent in most 
apphcations. When the voice is present, the noise cancelles kicks 
on while the VOXoyj7 pin supplies a logic ‘1°. When voice is not 
present, VOXowuT pin supplies a logic ‘0’. 


Supplying a logic ‘1’ on Pin 14 would cause the VOXoy7 pin to stay 
as a logic ‘1' regardless of any signal input to the preamp 


Outputs 







10dB 
0dB 
100B 


logic ‘1’ 






logic ‘1° 
logic ‘1’ 










NOTE: If the NE5S752 is used alone, be sure that the output of the noise canceller is AC coupled to the input of the compressor. Also, make 


sure that all of the components for the compressor are connected. 


(Pin 1 of SA5752). However, the functionality of the nolse canceller 
will still be signal dependent. 


Pins 3, 4, 5, 6, and 14 all deal with the VOX’s performance. 
Resistor R2 and capacitor C3 are connected to Pin 3. These 
components set the gain of tha VOX. The values chosen here are 
for internal use only and should not be altered. 


The following steps are the procedure for setting the VOX threshold. 


Remember that this setting can be set externally by the user using 
an external potentiometer or by a microprocessor which can sample 
the sound in the car and slectronically set the “automatc 
environment VOX function” threshold. This can be done by 
implementing different resistor settings for different threshold points. 


Step 1: Make sure: 

a. Pin 6 ls left open 

b. The VOX attack and recovery components are in place at Pin 
4, 

c. R2 and C3 are connected to Pin 3. 

d. If using the SAS752 alone, be sure to connect the preamp 
output (Pin 20) to the compressor input (Pin 19) with a BC 
blocking capacitor. 

6. The preamp gain is already set (in this Instance the preamp 
gain is OcB) 
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f. Make sure that the compressor's components are also 
connected; compressor’s attack time has to be functional. 


Step 2. Apply a constant 1kHz sinewave signal to Pin 1 through a 
DC blocking cap (if the Philips evaluation board is used, apply the 
signal to the MIC input pin) with the desired threshold. In this case, 
SOMVp.p 


Step 3. Measure the OC voltage on Pin 4: V4=275mV 
Step 4. Calculate R5: 


_ V4) _ 275mV _ (2) 
Be 25pA = 25pA | us 
Step 5. Connect R5 to Pin 6 and verify that VOX kicks on at the 
desired threshold. This set-up has the VOX kicking on at 30MVp._p 
and kicking off at 11MVp.p (for batter accuracy use a 1% resistor 
value for R5). 


Referring to the above exampla, if a preamp gain of 10dB was 
chosen before setting the thrashold, the threshold wil! also change. 
So it is vital that the preamp gain be set before setting the VOX 
threshold. 


Noise Canceller 
The output of the preamp is connected to the input of the noise 
canceller circuit which is internal to the device. The function of the 
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noise canceller is to automatically provide a set gain of either OdB or 
10dB when a voice is present or not present. The gain setting can 
be set by implementing the VOX functions. 


Although the noise canceller circult is really designed to be used 
with the VOX circuitry, it can be implemented without it. The noise 
canceller circuit can be set up to provide either OdB or 10dB of gain 
at all times, regardless of the presence of a signal. Table 7 shows 
how to achieve either gain settings when the VGX function is 
bypassed. 


Table 7. 
Canceller 


oa Gain of Noise Canceller” - 


Setting Up the Gain of the Noise 


6 oto GN | Ground 





The output of the noise canceller is accessible to the designer at Pin 
20, 


Compressor 

The SA5752 compandor operates with a unity gain level (OdB level) 
of 77.5mMVams. It operates like the rest of the Philips Compandor 
family where any signal above 


COMPRESSOR 


200MVEMS 
(8.2308) 


Application note 


AN1742 


the OdB level in the compressor mode is half in dB, and any signal 
below the OdB level is muitiphed by 2 (assuming the unit is in dB) 


As for the Expandor, the levels above and below the 0dB level are 
modified by the opposite of what the compressor does. This allows 
the signal to be restored to its original level with reduction of noise. 


To determine the amplitude, the following formula ts used. 


AC level mV 
XdB = 20106( “ray (3) 


77.5MVeus 


Example: 
Determine the compressor’s AC voltage output if a 200MVp~ys 
signal is applied to the compressor’s Input. 


1. Convert 200MVaws to dB as in Equation 3 


200MV pars 


| = 8.230B 

2. Because 8.23dB is above the OdB lavel, by definition of the 
compressor the signal is halved to 4.12dB 

3. Now converting back to voltage using Equation 3 the output is 
124.5mVeams. 


Figure 7 shows the diagram with other numbers for practice. 


Power Down 

The HPDN (Hardware Power Down) pin on the SA5S752 can be left 
open or connected to Vcc for narmal operation. For power down, a 
designer needs to ground this pin. 


200mVAMS 
(8.230B) 


124.6mVRMsS| 124.5mVayMS 


(4.120B) 


OdB lave / unity gain level 


SOmMVAMS 
(-3.810B) 





(4.120B) 


77.5MV AMS 
(0dB) 


50mV Ans 
(-3.81dB) 


Figure 7. Determining the AC Signal Level Through a Compandor 
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Table 8. Programmable Divide Ratio Number 





0000 0010 





tll. SA5753 


Figure 8 shows the main blocks of the SA5753; the Transmit and 
Receive Bandpass filters, the Transmit Low Pass Filter. 
Pre-emphasis and De-emphasis, OTMF generator, attenuators and 
I2C controls. 


Non-l2C Operation (Default Mode) 

The SA5753 can be used without the I2C protocol. To implement 
this feature, the DFT pin (default. Pin 13} and HPDN (Pin 6) must 
be connected to Voc. In the default mode, a designer has less 
flexlbillty in programming the SA5753. The only way to program the 
SA5753 without the |2C protocol is to joad the register serially (see 
next section). 


Ifa designer decides not to program the SA5753 registers, they can 
no longer bypass key functions or attenuate/gain the signal. 
Additionally, they can no longer make use of the DTMF generator. 
The TxMute and RxMute pins are also no longer prograrnmable, but 
aré controllable externally. 


A designer does not have a choice of programming the mute polarity 
pins. Muting the transmit and receive path now requires a 


designer to supply Vec to the TxMute pin (Pin 18) and RxMute pin 
(Pin 12). To unmute the paths, a ground connection on these pins is 
required. 


Pin 6 must be grounded for powering down the SA5753 in the 
default mode. For normal operations without the IC protocol, Pin 6 
must be connected to Vec. Although the $A5753 might be 
functional with Pin 6 left open, this is not advisable. This pin should 
either have Vcc or ground connected for a defined state. See the 
SA5753 data sheet for more information on non-I2C operation. 


The following is a list of features when the Default Mode is 
implemented: 

1. All pravious settings in the registers are ignored except for RBB7 
(VOXcrTL). 

VOXerTL = the setting in R8B7 before OFT goes high. 
All attenuators are set to OdB. 

HPDN is now an input, LOW=PWON Mode. 

DTMF = OFF 

DEEMPH = ON 

PREEMPH = ON 

AMPS mode 

9. Closed =$9.S10, $13 

10.Open = $1, S2, $3, S4, $5, 86, S7, $8, $11, $12 

11. RX is muted when RXMUTE = HI 

12.TX is muted when TXMUTE = HI 


SONA RaN 
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Decimal Value Binary Value HI OTMF Frequency Lo DTMF Frequency 


0000 0100 SOkKHz 21.43kKHz 
00000101 


“ s 
s 
a 


1111 «1141 784.31HzZ 336. 13Hz 
0000 0000 781.25HzZ 334.82Hz 
333.52Hz 
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NOTE: When the SA5753 is changed from DFT=HIGH (Default 
Mode} to DFT=LOW, ihe register settings will have an indeterminate 
value and all registers will need to be reloaded to avoid undefined 
States. 


Programming Without the I?C Protocol 

In the default mode, with DFT (Pin 13) and HPDN (Pin 6) pulled 
HIGH, the registers in the control register dit map are chained 
together so that bit 0 of a register Is connected to bit 7 of the 
preceding register with ROB6, ROB7, R1B6 ane R1B7 bypassed, 
i.6., ROBS is connected to R1iBO, R1B5 is connected to R2B0, R2B7 
is connected to R3B0, etc. Bits can then be loaded as a serial 
stream through the SOA pin of the IC bus by the negative edge of a 
shifting clock applied at the SCL pin of the I°C bus. When a bit is 
loaded at SDA it will load first into ROBO and then will be shifted to 
R8B7 after 68 clock edges. 


A total of 68 clock pulses (applied al SCL) are, therefore, required to 
completely load the registers. 


In this mode of operation the contents of the register map are also 
shifted out from the VOXer_ pin since it takes ihe same value as 
R8B7. After power up thara ts no reset within the registers so the 
first 68 bits clock out at the VOX¢r_ pin will have an indeterminate 
value. Once the registers are loaded, the DFT pin can be pulled low 
to enable the interface between the control registers and the 
program functions. 


Summary: To use this capability, lhe DFT pin and the HPDN pin 
must be pulled HIGH, the serial bit stream loaded through SCL 
synchronous with the negative clock edge applied at SCL for 68 
clock pulses, and then the DFT pin pulled LOW. 


DTMF 

The OTMF generator generates its tones by using the 1.2MHz IC 
clock and dividing it down to the desired frequency. There are high 
and low OTMF tones, s0 different divide ratios are used. To tailor 
the exact frequency, a programmable divide ratto number is 
provided to the designer. Figure 9 shows the basic scheme and the 
formulas to calculate the desired DTMF frequency. 


The programmable divide ratlo number ranges from 3 to 257 for 
both the high and low DTMF functions. This means that the high 
DTMF frequency range is from 778.21Hz to 66.66kHz. The low 
DTMF frequency range is from 333.52Hz to 28,57kHz. 


The only cautton in using the DTMF generator is when the 
programmable divide ratio décinal number is 256 or 257. For the 
$A5753, decimal values 256 and 257 are defined as a binary ‘0’ and 
‘t', respectively (see Table 8). The reason the decimal values 256 
and 257 were defined this way is because of the actual iength of 
their binary numbers. 
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Decimal 256 is binary 1 0000 0000 and decimal 257 is binary 1 0000 Step 1: Determine what frequency is desired for the High and Low 
0001. These binary numbers exceed the &-bil register, so 256 and lrequencies. 

257 were replaced with a decimal ‘0’ and ‘1’ since these values were 
not previously used. Step 2: Use formulas in Figure 9 to calculate the programmable 


Other decimal divide ratio numbers can be converted directly to a PASE ROMS OC UOMO ENE SOMOS 


binary number which is then loaded into the 8-bit register. To turn off 


the high or low DTMF generator, a decimal 2, converted to a binary Seb SC eavent Ine calculated sali) (Ale numbeE 12 bindly 


number and load into the proper register. NOTE: If the ‘divide ratio 
















DORE MO) OE SeS to De. covem ine Me ees number is 256 or 257, load a binary 0000 0000 or 0000 0001, 
Below are two examples of loading the DTMF generator. respectively. To iurn off the high or low 
220nF 
| © TXQutT 
220nF 
TX8FIN aaa ie i 
220nF 
Tx8FQUTO——] 3anF 


[0 DATAry 

















33nF Q TX MUTE 
PREMP|y O—— 
YDO o 
© SDA 





IC INTERFACE 





AND 


12C RBB7 REGISTERS | 16 | Ha 
ne 20 R561 


VOXCTL O 


HPDN © 








2.2uF 1 2MHz 
P ——-——_—_—_—_—__{} 
DEMP, 
OUTC CLKIN 
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AUDIOIN 
220nF 
— | 
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Figure 8. NE/SAS753 Test and Application Circult 
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1.2MHz 
6 
HIGH BTMF FREQUENCY = 


(778.21Hz to 66.66KHz) 


1.2MHz CLOCK 
FROM I&C 


programmable 
divide decimal 
ratio number 


1.2MHAz 
a 1.2MHz CLOCK 


FROM IfC 


LOW OTMF FREQUENCY = §§ —————— 
(333.52Hz to 28,57kHz) programmable 
divide decimal 


ratio number 
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PROGRAMMABLE 
DIVIDE 
RATIO 

NUMBER 


HIGH OTMF FREQUENCY 
—_, 


ape LOW DIME FREQUENCY 
—_ 


RATIO 
NUMBER 


NOTE: The HIGH DOTMF Frequency range is from 778.21Hz to 66.66kHz 


The LOW DTMF Frequency range is from 333.52Hz to 28.57kHz 


Figure 9. DTMF Formula 


PM3193 
SIGNAL 
GENERATOR 












B.P. FILTER 
PREAMP 


TRANSMIT PATH 





LIMITER AND 
ALL-PASS CKT. 





Figure 10. . Test Set-up and Tx Path of Signal 





tone DTMF generator, load a binary 2 or 
0000 0010 to the register. 


Example 1 
Program the SA5753 DTMF generator such that High DTMF = 


4000Hz and Low DTMF = 3061.22Hz. 


1. Using the formula in Figure 9, 
High OTMF ‘divide ratio number’ = 50 
Low DTMF ‘divide ratio number’ = 28 


2. Convert ‘divide ratio number’ into a binary number 
High DTMF binary ‘divide ratio number’ = 0011 0010 
Low DTMF binary ‘divide ratio number’ = 0001 1100. 


3. Load binary numbers into proper registers and observe ona 
spectrum analyzer. 


Example 2 
Program the SA5753 DTMF generator such that High DTMF = 
778,.21Hz and Low DTMF = OFF. 


1. Calculate ‘divide ratio number’ using the formula in Figure 9, 
High DTMF ‘divide ratio number’ = 257 
Low DTMF ‘divide ratio number’ = 2, by definition for OFF see 
Table 8. 


2. Converting ‘divide ratio numbers’ 
High DTMF binary ‘divide ratio number’ = 0000 0001 (remember 
the special case that applies here) 
Low DTMF binary ‘divide ratio number’ = 0000 0010. 


3. Load binary numbers into proper registers and observe ona 
spectrum analyzer. 
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Programmable Transmit and Receive Mute Polarity 
Function - | 

If a designer wants to operate the SA5753 at 3V and wants to mute 
the TxMute and RxMute pins with a 5V logic ‘1’ signal, a series 10k 
resistor should be used. If the 10k resistor is not used, the SA5753 
will draw more current. To eliminate the 10k resistor the designer 
should make Sure that the logic ‘1’ signal never exceeds Vcc. 


The Limiter and All-Pass Circuit 

An important aspect of the AMPS specification is concerned with the 
12kHz maximum frequency deviation. The output of the APROC 
TXourt should be limited at a level which causes a maximum 
frequency deviation of 12kHz for the transmitter, regardless of the 
amplitude of the input signal. Figure 10 shows the equipment used 
for the test measurements and how the signal was processed. A 
1kHz signal was applied to the input of the demo-board until a 5% 
distorted signal was measured at the limiter output. This waveform's 
peak-to-peak voltage was recorded as a reference. Then, at various 
chosen frequencies, the input of the demo-board was overdriven so 
we could record the distorted peak-to-peak waveform. (See Figure 
11) | 


Formula 4 was used to calculate maximum frequency deviation from 
the waveforms shown in Figure 11. 


Max Freq Dev with All-Pass Ckt = 
(4) 
BW, 
8kHz 





BWe 
where 


BWe = the bottom wavefarm’s peak-to-peak voltage from one of the 
observed figures. 
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BWe = the bottom waveform’s peak-to-peak voltage from the for the 12kHz Test 
reference Figure 11. 


Table 9. Maximum Frequency Deviation Results 
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Figure 11. Results from the AMPS 12kHz Maximum Frequency Deviation Test 
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WAVEFORM B: OUTPUT TO SA5753 TXQUT PIN 


Figure 12. Results from the NAMPS 5kHz Maximum Frequency Deviation Test 











Table $ reveals the calculated results for maximum frequency following formula shows how to calculate the maximum frequency 
deviation over the voice band. The test results show that the deviation for NAMPS: 


NE5752 and NE5753 will meet the 12kKHZ AMPS specification. 


The same test set-up was used for lhe NAMPS measurements, 
however, the maximum frequency deviation formula changes. The 


June 28, 1993 1109 


Using the SA5752 and SA5753 for low voltage designs 


AN1742 





Max Freq Dev with All-Pass Ckt = 


BW, (5) 
BWp 2.9kHz 


where 


BWe = the bottom waveform's peak-to-peak voltage from one of the 
observed figures. 


BWep = the bottom waveform’s peak-to-peak voltage from the 
reference Figure 12. 


Table 10. Maximum Frequency Deviation Results 
for the 5kHz Test 





Formula 5 was used to calculate the maximum frequency deviation 
in Table 10 from the waveforms shown In Figure 12. These test 
results show that the APROC II will meet the S5kHz maximum 
frequency deviation for NAMPS. 


IV. EVALUATION SOFTWARE AND DEMOBOARD 


The APROC II demoboard and evaluation software are for 
evaluation purposes only. It can help a designer understand the 
hardware and software functionality. The APROC || schematic and 
layout can be seen in Figures 13 and 14, respectively. The function 
of each external component ts briefly shown in Figure 13. 


In this software package, the screen (see Figure 15) only shows the 
signal path for the SA5753. Recall that for the audio processing 
chip, the signal is routed between the SA5752 and SA5753. The 
appropriate pin numbers are labeled to show where the signal 
enters and leaves the SA5753. 


The upper half of the screen is the Tx path and the lower half of the 
window Is the Rx path. To complete the signal path, a designer can 
use the cornputer’s arrow keys to get to the area of interest. The 
space bar is used to toggle on and off path switches and key 
functions (like NAMPS, VCO, HPON, VOXertpA) etc). 


The ‘greater than’ (>) or ‘less than’ (<} symbol keys on the key board 
are used to vary the value of the gain attenuator blocks. The way 
the gain attenuator blocks are programmed does not follow the 
logical way where the ‘greater than’ symbol key means going up in 
gain and the ‘less than’ symbol means decreases gain. Instead, the 
set up is programmed logically by the bits. So a user should use the 
‘greater than’ and ‘less than’ symbol keys to vary the value, but 
continue to use the keys until the values stop changing. (See Table 
11.) 


To power down the chip set the following steps should be taken: 


1. To power down the SAS752, move the marker to HPON and hit 
the space bar to implement this function. 


2. To implement one of the SAS753 three power down modes move 
the marker to the Power = 000 Bin ane program the appropriate 
mode. 
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« For PWDN, set Power=1xx Bin; X=don't care 
e For IDOLE, set Power = 011 Bin 

e For the DENA mode, set Power= 010 Bin 

« For normal operation, set Power= 000 Bin 


e For DATAny to TXoyt disabled, set Power= 001 Bin. This can be 
used for cordless applicahons 


To power up the chip sat, a designer needs to set the Power=000 
Bin (for tha SA5753) and toggle the HPDN section (for the SA5752). 


DTMF 


To implement the DTMF tones, a user can program the high and low 
tones by typing in the frequencies or programming the {2C bits. 


The high decimal vatue is from 2 to 257 where the frequency range 
is from off to 778.21H2-66.66kHz. The low decimal value is from 2 
to 257 where the frequency range is from off to 333.52Hz up to 
28.57kHz. 


The difference between the SA5753 DTMF generator and the 
SA5751 is that when the cycle is completed, the DC voltage goes 
back to OV, whereas the SA5751 might not return to OV. Therefore, 
upon switching back to the Tx voice path, a glitch may be heard 
from the SAS751, out not from the SA5753. 


V. QUESTIONS AND ANSWERS SECTION 


Q: | connected your evaluation board and software program but! do 
not see any output signal on the Transmit path. My input signal 
is connected to the Mic input of the SA5752. What is the 
problem? 


A: There are several issues to look at. Make suré that the TxMute 
and RxMute pins are defined. If the registers are programmed 
such that the TxMute and/or RxMute pins need to be grounded 
for a signal to flow, please be sure that those pins are grounded. 


If the registers are defined such that the TxMute and RxMute 
pins need Vcc connected to them for a completed signal path, 
please connect Vcc to the pins. Although leaving these pins 
open may work, it defines an open state and is, therefore, not 
guaranteed. 


Q: When | program a DTMF tone. it only stays on for 36ms. How 
can | make it stay on longer? 


A: The DTMF generator is designed to stay on for only 96ms. Ifa 
longer tone is desired, the DTMF registers must be re-loaded 
before the 96ms expires or set DTC = 1. For the evaluation 
program, the DTMF register can be loaded up automatically to 
observe the DTMF tone. Just toggle the space bar on the 
"DTMF frequency DTC” section. 


Q: On the evaluation program, there are ADD field and REG values. 
What are these? 


A: These are the registers (ADD = Address field and REG = ihe 
register) that must be programmed when using the SA5753 in 
the IC mode. The address field defines which portion of the 
chip is being accessed (See SA5753 data sheet for a detail 
look). The register bits control the functions of the block. 


If a designer toggles in/out functions, they can see the registers 
which contro! that function. The Evaluation software is meant as 
a learning tool to aid the designer in getting up to speed. 


Q: The SA5753 seems to be consuming more current than usual. |s 
this part damaged? 


A: One aréa to look at is the |?C clock. If the I2C clock goes below 
ground, the SA5753 will draw more current. Therefore, be sure 
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that ihe |2C clock is set at 1.2MHz square wave and it is from 
ground to Vcc. 


: [have a Philips APROC II demoboard and a 5V I@C interface 


board. At the present moment, | use two supplies to run the 
APROC || board at 3V and the interface board at 5V. Is there a 
3V chip available that can be used for the Interfacing between 
the computer's printer port to the I*C section of the chip? 


; Yes, there is a 3V Interface chip; the Philips PC74HC4049T. 


When a customer purchases an APROC || damoboard, he/she 
should receive an interface board. Most likely it will be the 3V 
version. 


: The APROC Il seems to draw more current than usual when | 


muta the TxMute and RxMute pins with a 5V logic ‘1’ signal. The 
APROC II Is operating at 3V. Is this normal, and if not, what can 
| do? 


: If you are going to operate the APROC Il at 3V and apply 5V to 


the AxMute and TxMute pins, a series 10k resistor should be 
used to allow for this configuration. 


If tre fogic “1° input is 3V and the APROC II is operating at 3V, 
the 10k resistor is not required. in general, itis safe to say that 
the logic ‘1’ input should be no higher than Voc if the 10k resistor 
is not used. 


: lam evaluating your DTMF generator using the Philips 


evaluation program and demoboard. The frequency calcutated 
and the frequency measured is correct but The evaluation 

screen, however, sometimes shows a different number, but the 
number shown is not too far off. Is there a bug in the program? 


: Yas, the program display is not correct. What you calculate and 


measure is fine. The program is incorrect at this time. 
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: lam evaluating the current consumption of the APROC Il 


demoboard. | read a higher current than what is spec’d in the 
data sheet. What am | doing wrong? 


: Remember that the I@C interface card will draw some current 


away from the APROC II board (if (t's connected that way). To 
avoid this problem, operate the [*C interface card with a separate 
power supply and then measure the APROC II current. 


: Ihave your APROC Il evaluation demoboard, | am applying an 


input signal of 1kHz at 100MVans to the MIC input and | am not 
gétting any signal output on the TXou7 pin. Any suggestions? 


: Your transmit path is probably open. To close the path you can 


do one of two things: either ground the TxP Mute pin (Pin 18) or 
redefine Tx? to mute for a different input. You should also make 
sure that the SA5752 and SA5753 are in the power up state. 


: [have a very unique situation using the SA5753. | would like to 


use the Default mode and IC made in different situations. | 
know that the HPDN pin becomes an output when [2C mode is 
implemented; and | know that the HPON pin becomes an input 
when the Default mode is implemented. [n my application | do 
not care about current consumption, therefore, tha HPON pin is 
not important to me. What can I do so that! don’t leave the 
HPDN undefined, dut at the sare time, | allow myself to switch 
back and forth between the two modes? 


: For ease of use in the Default Mode without worrying about the 


function of the HPON pin, the user can add an extemal pull-up 
resistor of 100kQ between HPDN (Pin 6) and Vog. This will put 
the SA5753 in Normal (active) Default operation when DFT (Pin 
13) is pulled HIGH. For Power Down Mode the usar will need to 
pull the HPDN pin LOW. 
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Component Functions 


Gi DC blocking capaciter for MIC IN pin Ci4 DC blocking cap for compressor in 
C2 DC blocking capaciter for Preamo gain C15 ~~ DC biecking cap for TXBF in 
C3 Used tor filtering, internal usa only Ci6 Voc bypass cap 
C4 ~—— Used to set atlack and release time of VOX C17 OC blocking cap for SPKR OUT 
CS Vper filter capacitor Ci8 OC blocking cap for EAR OUT 
C6 Vcc bypass capacitor C19 = OC blocking for Demodulation in pin 
C7? Sets attack and release time of expancor C20 = BC blocking for Data in pin 
C8 OC blocking cap tor Expandor out C21 DC biccking cap for Tx QUT 
C9 OC blocking cap for De-emphasis cut Ri = Sets microphone preamp gain 
C10 AC bypassing tor compressor R2 Sets gain of VOX, but for internal use only. 
C11 OC blocking cap for Pre-eamphasis in Effects voltage on Pin 4. 
C12 Sets attack and release time for compressor R3 Used to set the release time of VOX 
C13. Passes AC to GND R4  Pull-up resistor to get lagic level out 


R5 = Sets threshold level of VOX 











Figure 13. APROC Il Evaluation Board Schematic 
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Figure 14. APROC Il Evajuation Board Layouts 
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Figure 15. Graphical Display of $A5753 I2C Evaluation Program 











Table 11. Gain Attenuator Steps 


SYMBOL Sequence of Gain Attenuator Steps 
Al 0, -0.8, -1.6, -2.4, -3.2, -4.0, -4.8, ~5.6, -6.4, -7.2, -8.0, -8.8, -9.6, -10.4 ~11.2, -12 


0, 0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.25, 2.50, 2.75, 3.00, 3.25, 3.50, 3.75, 0, -0.25, -0.50, -0.75, —1.00, 
“1201.00 y= 105, me. 00) 225,250 275,600, —3:25)=3.50;3.79 


0, -12, -18, -24 


0 20 A 25 026 87) Bue. 10. 1 19-140 15 16 17 











0.5). 120; 139; 2:0) 2.5; 3:05.55. 0-05), = 150,515) =2:0--2:5 —3,0-=3.5 
0, ~2,-4, -6, -8, -10, -12, -14, -16, -18, —20, -22, -24, -26, —28, -30 
0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 0, ~0.5, -1, -1.5, -2, -2.5, ~3, -3.5 
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SERATURES QUICK REFERENCE DATA 


rset [ot 


IDD supply current 


Tamb |ambient temp. 


.CMOS low power 





.General purpose controller for Power 
Amplifier modules in GSM systems. 









-High speed serial interface. 





Power down mode. 


.1 Mhz bandwidth suppresses AM-distortion 
of the power amplifier. 


.On-Chip rampgenerator for all 
16 GSM mobile station Power levels. 


.Suitable for base station applications. 


.On-chip detection for Quick-Restart. 
(base station applications only) . 


.Programmable analog output voltage Limitation. 
.Programmable integrator start condition. 
.Ramp-up/timing related to the 13 Mhz 


GSM system frequency clock. 


ORDERING INFORMATION 


_ PACKAGE 


PIN POSITION CODE 


PCA5075 | 20") SSOP20 Plastic SOT266 
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Figure i. : Blockdiagram PCA5075 
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PIN CONFIGURATION. 


SYMBOL PIN TYPE 
VS1 1 ng 
VDDA 2 = 
BVS1 3 0 
PD 4 ug 
IBIAS S «wT 
VS2 6 I 
VSR 7 Oo 
VDDD 8 = 
DTX 9 < 
TRIG 10 BA 
Chis Li i 
DF 12 10) 
STROBE 13 BE 
CLK 14 BA 
DATA LS aE 
VSSD 16 = 
VSSA de = 
VIO 18 Oo 
VIP 19 I 
VIN 20 Zz 


VSL 


VDBA 


BVS1i 
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DESCRIPTION 


Sensor signal 1 

Analog positive supply 

Buffered sensox signal 1 

Power Down 

Current reference for external rectifier 
Sensor Signal 2 

Bias voltage for sensor 

Digital Supply 

Disable speech transmission 
Trigger signal 

13 Mhz GSM clock 

Damping Switch control signal. 
(only for base-station applications). 
Serial bus strobe signal 

Serial bus clock signal 

Serial bus data signal 

Digital negative supply 

Analog negative supply. 

Integrator Output voltage 
Integrator positive input voltage 
Integrator negative input voltage. 


YIP 
VIO 
YSSA 
VSS 
DATA 
cLK 
STROBE 
bF 


Cui3 
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Functional description 


This CMOS device integrates Opamps, a DA-Converter and a serial interface to 
implement an Integrating-Controller. 

It is designed to control both the power level and the power up/down ramping of a 
GSM-transmitter. 

All 16 GSM mobile station power up/down ramping curves (including gensor non- 
jinearity) are generated on chip. 

This device is also suitable for base stations. The extra base station ramp curves 
are generated by using an external damping network in front of the (external) 
rectifier and by decreasing the value of R1. This extra damping network and the 
additional resistor in parallel with Ri, are activated when the signal DF is high. 
This DF signal again, is directly controlled by the Damping factor register. 


The device operates on an internal clock frequency of 2.166 Mhz, (Ty21/2.166 uS) 
that is generated on Chip by dividing the external 13 Mhz clock by six. 


Generally the power amplifier is ramped up after a rising edge on TRIG and ramped 
down after a falling edge. 

When a quick restart is detected (Base~station applications only), the integrating 
controller is not totally turned off. This enables the controller to ramp-up faster 
after a ramp-down. 

A quick restart is executed when TRIG is low for only a very short period of Ty;. 
To detect a quick restart, all ramping is delayed wrt. TRIG by 2 * Ty. 


To match the controller to different Power-amplifiers, the controller output VIO 
can be limited to 4 V, 4 V - Va OF 4V - 2 Vacca, Gepending on the contents of the 
dimitexr register. 


The contents of the power level register determines which of the 16 ramp-curves is 
taken during ramp-up/down. 


When the integrator is inactive, the controller output VIO will have a 
(programmable) voltage of 0.3 V , 0.3 V + Vagoser 2 Vatewe — 0-05 V Ox 

2 Vatoas + 0.2 V, depending on the contents of the integrator start condition 
register. 


When DTX becomes active during a ramp-up, ramping is immediately stopped and a down 
ramp is executed, turning the power amplifier off. 


Separate power pins are provided to the analog and digital blocks. 


The register information is written via a three wire serial bus. 


The analog Integrating-Controller. 


The analog Integrating controller consists out of four Opamps. 

Opamp 1 and Opamp 2 are only used for buffering purposes. 

Opamp 4 is used to make a differential integrator, whereas Opamp 3 ia used to limit 
the integrator output voltage, and to set the integrator start condition 
(Y‘homeposition") when the integrator is inactive. 


A two-diode external rectifier is connected to pins VSR, VS2, Ibias and VS1. 

The SC-Adder block, basically generates the voltage VSR - 2 U, + Ua... 

The differential integrator the integrates the difference of this voltage and the 
voltage VSR - 2 U; + U,,, . The integrator output voltage is used to control the 
power amplifier module. 
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Ramp generation. 


Ramp—-up. 
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Fig 2a (left) and 2b (right). 


Figure 2a shows the timing of a typical ramp-up curve. Figure 2b shows a measured 
ramp-up curve of a discrete controller implementation. 


If no quick restart was detected during the last ramp-down, the controller was in 
"homeposition”™ before time B. The integrator ontput voltage is regulated to the 
value defined in the Integrator start condition register. The output of the adder 
and the slope generator is Us + VSR - 2Uy. (Ua. is typically 60 mv). 

The differential integrator input is U,,.. 

On time B the integrator start condition circuitry is turned off. Due to the 
positive differential input voltage, the integrator output will start to rise. 
If a quick restart was detected during the last ramp-down, the integrator start 
condition circuitry has already been turned off. In this case the output voltage 
of both adder and slope generator igs VSR ~ 2U,. 


On time C the DAC generates a new output voltage Uy,.. The output of the adder block 
is now: VSR ~ 2U, + Us... The slope generator will generate a "smooth" curve between 
the former and the newer output value of the adder block. The power amplifier is 
ramped up via the integrator. 


On time D the new output value of the slope generator is reached. 
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Ramp—down, 
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Figure 3a (left) and Figure 3b (right). 


In Figure 3a, the timing of a typical ramp-down curve is shown, Figure 3b shows 
again measurements on a discrete implementation of this Controller. 


On time EZ the ramp-down is started. 

If a quick restart was detected the adder output voltage after time E will be: 
VSR - 2U, 

If not, the adder output voltage after time E will be: VSR - 2U, — Ung, with Ung 
typically 100mv. 

The slope generator again generates a "smooth" curve between the new adder output 
voltage and the old adder output voltage. 


On time F the output of the slope generator has reached its final value. 


If a quick restart was detected, a ramp up will be executed. 
The adder output voltage will be VSR - 2U, + Ug.. 


If, however, no quick restart waa detected, the integrator will be turned into its 
*homeposition". The integrator output voltage will be regulated again to the value 
defined in the integrator start condition register. Also the adder output voltage 
will be VSR - 2 U, + Ue: 
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Serial Programming bus 


A simple 3-line unidirectional serial bus is used to program the circuit. The 3 
wires are: Data Clk and Strobe. The data sent to the device are loaded in burstg 
framed by Strobe. Programming clock edges and their appropriate data bits are 
ignored until Strobe goes active low. The programmed information is loaded into the 
addressed latch when Strobe returns inactive high. Only the last 18 bits serially 
clocked into the device are retained within the programming register. Additional 
leading bits are ignored, and no check is made on the number of clock pulses. If 
Strobe returns high wile Clk is still low, the extra clock edge produced causes 
data shift. The fully static CMOS design uses virtually no current when the bus is 
inactive. 


Data Format 


Data is entered with the most significant bit first. The leading bits make up the 
data field, whilst the trailing four bits are an address field. The PCA5075 uses 
only 1 of the available addresses. The format is shown below; the First entered 
bit is pl, the last one plg. 


PROGRAMMING REGISTER BIT USAGE 
addo addl addz2 add3 Jaatad | datai |data2 datax datal2 | 
LSB 
















datal3 





Latch address 











The trailing address bits are decoded upon the inactive Strobe edge. This produces 
an internal load pulse to store the data in one of the addressed latches. To avoid 
erroneous Circuit operation, the pulse is not allowed during data reads by the rest 
of the circuit. This condition is guarantee by respecting~a minimum Strobe pulse 
width after data transfer. 

The correspondence between data fields and addresses is provided in the following 
table: 





















REGISTER BIT ALLOCATIONS 
Bes 5 6 7 8 9 10}; 11); 412; 13] 14 AS te eae 
d13) 412] data field address 
| Power Level DFL oro] 21] o|zsz|zso |1 jo 1 0 
DF = Damping Factor. DFO = data on DF output _ 


DF1 = enable of this output. 


L = Limiter voltage. 


Ll LO Limiter voltage 
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IS = Initial start condition. 








Specifications of Opamp4. 


Tamb= -40 to 70 C , VDD = VDDA = VDDD unless otherwise specified. 





























SPEC MIN. TYP MAX UNIT CONDITION 
additional peaking Integrator Loop closed. 
in integrator amplitude 3 dB R2=8.2 Kohm, C1180 pF 
characteristic. F=7 Mhz 
additional phase shift Integrator Loop closed, 
in integrator application 30 deg. R2=8.2 KOhm, C1=180pF 
| F= 7 Mhz. 
CMMR ? dB 
PSRR- ? | dB 
SR+ 1 v/us | 
SR- 1 V/uSs 
Dynamic range common 4.2 | Vv Vdd = SV 
mode input signal 





VIO Output voltage 4 Vv Vdd = 5V 


a 
pow | me 











June 29, 1993 1122 


Philips Semiconductors RF Communications Products Preliminary specification 





Power amplifier controller for GSM systems PCA5075 


Specifications of Opamp 1 and 2. 


Tamb= -40 to 70 C , VDD = VDDA = VDDD = 5V unless otherwise specified. 


a a 
3-Db point 2. ae Mhz. Z1= 1/(s*62pF)+8.2Kohm 
yn. renges comnoce fe? | | |v |= 
ESS ee OO 


Specifications of DACS8. 






CONDITION 













Tamb= -40 to 70 C , VDD = VDDA = VDDD=5V unless otherwise specified. 


ae, 
es ae 
ne fe oe er 


Output range Reference?Ur 


_— 
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LIMITING VALUES 


In accordance with the Absolute Maximum System (IEC 134) 
VDD = VDDD = VDDA, VSS = VSSA ™ VSSD 



































VDD Supply voltage 
Vi DC input voltage on all pins 
IDD Supply current | 
| PEO Total power dissipation 
7 Storage temperature range 


















Operating ambient temperature 





DC CHARACTERISTICS 


Tamb= -40 to 70 C , VDD = VDDA = VDDD, VSS = VSSA = VSSD, unless otherwise 

















specified. 
SYMBOL PARAMETER CONDITIONS 
VDD Supply voltage range 


————e 


IDD Total operating current |CLK13= 13 MHz 


IDDq eeeaa quiescent current| PD = High 


Logic inputs ; Pin nrs. 5,8-13 


ee pe 
































mw ee 


VIL Input voltage low 





VIH Input voltage high | 
$$ 
IL Input leakage current 


T 


Can Input capacitance 


— $$ 
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Analog Inputs 


Tamb= -40 to 70 C, VDD = VDDA = VDDD = 5 V, VSS = VSSA = VSSD = 0 V, unless 
otherwise specified. 


SYMBOL PARAMETER CONDITIONS MIN. UNIT 
VS} Sensor signal 1 .< 0.8 Vv 


VS2 Sensor signal 2 


Controller timing characteristics. 

















VDD = VDDA = VDDD = 5 V, VSS = VSSA = VSSD, T= -40 to 70 C unless otherwise 
specified. 
for signal explanation see Fig. 2 and 3. TX = 6/13 uS. 


SYMBOL PARAMETER 


MIN TYP MAX 
a | Negative seas width on TRIG TX/3 2*TX S 
for quick restart recognition. 
Delay from positive TRIG edge 
to point. Bo. ( See Fags 29 
Delay from positive TRIG edge TB+18TX 
to point C. ( See Fig. 2 ) Z 








Delay from positive ee edge TCFZ2TX S 
to point BD. ( See Fig. 
Pelay from negative ates tia 2TX t22TX 

no qrs to point F. ( See Fig. 

TF Delay from Pegaraue TRIG edge SIX? 4227TX — 

Ww. qrs 





Analog Output 


Tamb= 25 C, VDD = VDDA = VDDD = 5 V, VSS = VSSA = VSSD = 0 V, unless otherwise 
specified. 





PARAMETER 










~0.175 mv/c 





Bandgap +/- 4% 
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Serial Bus Timing characteristics. 






Clk 


| - ; 
, _,! ———— rr | 
Tatart Twid 


VDD = VDDA = VDDD = 5 V, VSS = VSSA = VSSD = 0 V, T = -40 to 70 C unless otherwise 
specified. 


SYMBOL PARAMETER CONDITIONS 


Serial programming Clock (Pin CLK) 






















Input rise and fall times 












Clock period 





Enable programming (Pin Strobe) 





Tstart | Delay to rising clock edge 
Tend Delay from last clock edge 


Twid | Minimum inactive pulse width 


Tnew Delay from TRIG inactive to new data 200 ns 

















Register serial input data (pin Data) 


Tsu ng 





Input data to CLK hold time 


—————— 


Thl ns 











* NOTE: After rising edge of STROBE one more CLK low period completes the transfer. 
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Application Diagram 


RF Power 
Amplifier 





Cnaping 
QOUVGrY 


RF Power _RFin 
Amplifier” ante 





Capping 
neteorh 





Application Diagram Base Station. 
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FEATURES 
> Wide operating supply voltage range: 1.5 to 6.0 V 


Low operating current: 50 1A typ. (ON), 

25 vA typ. (OFF) 

* Temperature range: -25 to +70 °C 

« “CCIR Radio paging Code No. 1” (POCSAG) 





Slave I2C-bus interface to microcontroller for transfer of 


compatible : i AacepaOn 
message data, status/control an 
¢ 512, 1200 and 2400 bits/s data rates using 76.8 KHz g ean us ; 
soystal programming 


Wake-up interrupt for microcontroller, programmable 
polarity 
Direct and [2C-bus controt of operating status (ON/OFF) 


Built-in data filter (16-times oversampling) and bit clock 
recovery 


Advanced ACCESS synchronization algorithm 
= 2-bit random and (optional) 4-bit burst address error 
correction 


- Up to 6 user addresses (RICS), each with 
4 functions/alert cadences 


* 
e 


Battery-low indication (external detector) 
Out-of-range condition indication 
Real time clock reference output 


On-chip voltage doubler. 


Up to 6 user address frames, independently 


programmable APPLICATIONS 

« Standard POCSAG sync word, plus up to 4 user + Display pagers, basic alert-only pagers 
programmable sync words » Information services 

« Received data inversion (optional) - Personal organizers 

* Call alert via beeper, vibrator or LED * Telepoint 

« 2-level acoustic alert using single external transistor “ 


Telemetry/data transmission. 


Alert control: automatic (POCSAG), via cadence 


register or alert input pin : 
g veneer GENERAL DESCRIPTION 


Separate power control of receiver and RF-oscillator for 
battery economy The PGD5003 is a very low power POCSAG decoder and 


pager controiter. It supports data rates of 512, 1200 and 
2400 bits/s using a single 76.8 kHz crystal. On-chip 
On-chip EEPROM for storage of user addresses (RICs), EEPROM is orogrammable at 2.5 V minimum Supply. Tne 
pager configuration and synthesizer data PCD5003 is Fast l2C-bus compatible 


On-chip SRAM buffer for message data (maximum 400 kbits/s). 


Synthesizer set-up and control interface (3-line serial) 


ORDERING INFORMATION 


PACKAGE 


TYPE NUMBER 
| NAME | DESCRIPTION VERSION 
PCD5003H TQFP32 | plastic thin quad flat package; 32 leads; body 7 x 7 x 1.4mm SOT358-1 
PCD5003U/10 a film-frame carrier (naked die) 32 pads 
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BLOCK DIAGRAM 


127 | SYNTHESIZER 


2 Pt 
2 CONTROL 


__| 
EEPROM CONTROL 2 
“c-BUS 
DECODING 
5 


RECEIVER DATA POCSAG 
2 CONTROL SYNCHRONIZATION 


vont REGISTERS 
AND 
RAM INTERRUPT 
DATA FILTER CONTROL CONTROL 


AND 
CLOCK | MAIN DECODER 
RECOVERY 


GENERATION 


CLOCK MASTER TIMER AND 
7 CONTROL DIVIDER REFERENCE CONTROL 


20 | TEST 
20 CONTROL 


PCD5003 VOUBLER 


SHIFTER 


Peel 


Fig.1 Block diagram. 
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PINNING 


SyMBOL[PIN[ DESCRIPTION 
alert LOW-Level output 


ALC 2 | alert control input (normally LOW by 
internal pull-down) 
3 | direct ON/OFF input (normally LOW by 
internal pull-down) ~ 
REF real time clock frequency reference 
output 


rs] 6 [notcomnestes 


RST 7 | reset input (normally LOW by internal 
oull-down) 

VpR external positive voltage reference 
input 


SDA | 9 | l2C-bus serial data input/output 


l[2C-bus serial clock input 


The PCD5003 is available in a TQFP32 package and as 
naked die. The pinning for TQFP32 package is shown in 
Fig.2. 













PCD5003H 





main positive supply voltage 
main negative supply voltage 
voltage convener positive output 


14 | voltage converter shunt capacitor 
(positive side) 
voltage converter shunt capacitor 
(negative side) 


MLO245 


test input 1 (normally LOW by internal 
pull-down) . 


decoder crystal oscillator output 
decoder crystal oscillator input 
not connected 


Fig.2 Pin configuration for SOT358-1 (TQFP32). 





XTAL1 





= 
Oo 


SCL 
Voo 
Vss 
Veo 
CCP 
CCN 
TS1 
XTAL2 
S2 


T 





test input 2 (normally LOW by internal 


pull-down) 


nc: not corinected 


receiver oscillator enable output 


received POCSAG aata input 
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FUNCTIONAL DESCRIPTION 
Introduction 


The PCD5003 is a very low power decoder and pager 
controller specifically designed for use in new generation 
radio pagers. The architecture of the PCD5003 allows for 


flexible application in a wide variety of radio pager designs. 


The PCD5003 is fully compatible with “CCIR Radio paging 
Code No. 1” (also known as the POCSAG code) operating 
at data rates of 512, 1200 and 2400 bits/s using a single 

oscillator crystal of 76.8 kHz. 


In addition to the standard POCSAG sync word the 
PCD5003 is also capable of recognizing up to 4 User 
Programmable Sync Words (UPSWs). This permits the 
reception of both private services and POCSAG 
transmissions via the same radio channel. 


Used together with the Philips UAA2080 Paging Receiver, 
the PCD5003 offers a highly sophisticated, miniature 
solution for the radiopaging market. Control of an RF 
synthesizer circuit is also provided to ease alignment and 
channel selection. 


On-chip EEPROM provides storage for user addresses 
(Receiver Identity Codes or RICs) and Special 
Programmed Functions (SPFs), which eliminates the need 
for external storage devices and interconnection. Tne low 
EEPROM programming voltage makes the PCD5003 well- 
suited for ‘over-the-air’ programming/reprogramming. 


On request from an external controlling device or 
automatically (by SPF programming), the PCD5003 will 
provide standard POCSAG alert cadences by driving a 
standard acoustic ‘beeper’. Non-standard alert cadences 
may be generated via a cadence register or a dedicated 
control input. 


Via external bipolar transistors the PCD5003 can also 
produce a HIGH-level acoustic alert as well as drive an 
LED indicator and a vibrator motor. 
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The PCD5003 contains a low-power, nigh-efficiency 
voltage converter (doubler) designed to provide a higher 
voltage supply to LCD drivers or microcontrollers. In 
addition, an independent level shifted interface is provided 
allowing communication to a microcontroller operating ata 
higher voitage than the PCD5003. 


Interface to such an external device is provided by an 
I?C-bus which allows received call identity and message 
data, data for the programming of the internal EEPROM, 
alert control and pager status information to be transferred 
between the devices. Pager status includes features 
provided by the PCD5003 such as battery-low and 
out-of-range indications. 


A selectable low frequency timing reference is provided for 
use in real time clock functions. 


Data synchronization is achieved by the Philips patented 
ACCESS® algorithm ensuring that maximum advantage is 
made of the POCSAG code structure particularly in fading 
radio signal conditions. The algorithm allows for data 
synchronization without preamble detection whilst 
minimizing battery power consumption. 


Random and (optional) burst error correction techniques 
are applied to the received data to optimize on call success 
rate without deteriorating fatsing rate beyond specified 
POCSAG levels. 


When the PCD5003 is used in combination with a 
microcontroller, communication takes place via an I2C-bus 
interface. A dedicated interrupt line minimizes the required 
microcontroller activity. 


Advanced POCSAG paging decoder 


The POCSAG paging code 


A transmission using the “CCIR Radio paging Code No. 1” 
(POCSAG code) is constructed in accordance with the 
following rules (see Fig.3). 


The transmission Is staned by sending a preamble, 
consisting of at least 576 continuously alternating bits 
(10101010...). The preamble Is followed by an arbitrary 
number of batch blocks. Only complete batches are 
transmitted. 


Each batch comprises 17 codewords of 32 bits each. The 
first codeword is a synchronization codeword with a fixed 
pattern. The syne word Is followed by 8 frames (0 to 7) of 
2 codewords each, containing message information. A 
codeword In a frame can either be an address, message 
or idle codeword. 


Idle codewords also have a fixed pattern and are used to 
fill empty frames or Separate messages. 


Address codewords are Identified by an MSB of logic 0 
and are coded as shown in Fig.3. A user address or RIC 
consists of 21 bits. Only the upper 18 bits are encoded in 
the address codeword (bits 2 to 19). 


PCD5003 


The lower 3 bits designate the frame number in which the 
adoress is transmitted. 


Four different call types can be distinguished on each 
user address. The call type is determined by two function 
bits in the address codeword (bits 20 and 21), as shown in 
Table 1. 


Alen-only calls only consist of a single address codeword. 
Numeric and alphanumeric calls have message 
codewords following the address. 


Message codewords are identified by an MSB of logic 1 
and are coded as shown in Fig.3. The message 
information is stored in a 20-bit field (bits 2 to 21). The data 
format is determined by the call type: 4 bits per digit for 
numeric messages and 7 bits per (ASCII) character for 
alphanumeric messages. 


Each codeword is protected against transmission errors by 
10 CRC check bits (bits 22 to 31) and an even-parity bit 
(bit 32). This permits correction of maximum 2 random 
errors Or up to 3 errors in a burst of 4 dits (a 4-bit burst 
error) per codeword. 


= ==5 | ini or Too ss = 5 err oe foo 1 
3 PREAMBLE . BATCH 1 : BATCH2 | BaTcH3 |! « « « « | LASTBATCHI 
ee te wwe ee Yt pc i a en a a Fy 
‘g + ; aS 
/ \ J ‘ 
/ \ / \ 
/ \ / ‘\ 
/ \ 
10101. . 10101010 Pu ~ 
/ \ 
7 \ 
y, \ 


SYNG | CWCW | CWCW | 


FRAMEO FRAME 1 





Address codeword Ei 16-bit address ? function bits 10 CRC bits | P | 


Message codeword 20-bit message 10 CRC dis | P 


MCDs56 


Fig.8 POCSAG code structure. 
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Table 1 POCSAG call types 










DATA FORMAT 


BIT 20 (MSB) BIT 21 (LSB) CALL TYPE 
0 numeric 


0 
1 
7-bits per ASCII character 


Error correction can be enabled by SPF programming. Up to 3 erroneous 
bits in a 4-bit burst can be corrected. 





In the PCD5003 error correction methods have been 
implemented as shown in Table 2. The error correction method used is identified in the 
message data output to the microcontroller, allowing 


Random error correction is default for both address and rejection of calls with too many errors. 


message codewords. In addition, burst error correction 
Table 2 Error correction 


ITEM DESCRIPTION 


Preamble 4 random errors in 31 bits 


Synchronization codeword 2 random errors in 32 bits 


Address codeword 2 random errors, plus: 4-bit burst errors (optional) 


Message codeword 2-bit-random errors, plus: 4-bit burst errors (optional) 
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Operating states 


The PCD5003 has 2 operating states: 
« OW Status 
¢ OFF status. 


The operating state is determined by a Direct Control input 
(DON) and bit D4 in the control register (see Table 3). 


Table 3. Truth table for decoder operating status 


DON CONTROL BIT OPERATING 
INPUT D4 STATUS 






OWN STATUS 


In ON status the decader pulses the receiver and oscillator 
enable outputs (resoectively RXE and ROE) according to 
the code structure and the synchronization algorithm. Data 
received serially at the data input (RDI) is processed for 
call receipt. Reception of a valid paging call is signalled to 
the microcontroller by means of an interrupt signal. The 
received address and message data can then be read via 
the I2C-bus interface. 


OFF STATUS 


In OFF status the decoder will neither activate the receiver 
or oscillator enable outputs, nor process any data at the 
data input. The crystal oscillator remains active to permit 
communication with the microcontroller. 


In both operating states an accurate timing reference is 
available via ihe REF output. By SPF programming the 
Signal periodicity may be selected as: 32.768 kHz, 50 Hz, 
2 Hz or %p Hz. 


Current consumption is reduced by switching off internal 
decoder sections whenever the receiver is not enabled. 
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Reset 


The decoder can be reset by applying a positive pulse on 
input pin RST. A power-on reset circuit consisting of an RC 
network can be connected to this input as well. Conditions 
during and after a reset are described in Chapter 
“Operating instructions’. 


Bit rates 


The PCD5003 can be configured for data rates.of 512, 
1200 or 2400 bit/s by SPF programming. These data rates 
are derived from a singJe 76.8 kHz oscillator frequency, 


Oscillator 


The oscillator circuit is designed to operate at 76.8 kHz. 
Typically, a tuning fork crystal will be used as a frequency 
source. Alternatively, an external clock Source can be 
connected to pin XTAL1 only, but a slightly higher 
oscillator current is consumed. 


To allow easy oscillator adjustment (e.g. by means of a 
variable capacitor) a 32.768 kHz reference frequency can 
be selected at output REF by SPF programming. 


Input data processing 


Data input is binary and fully asynchronous. Input bit rates 
of 512, 1200 and 2400 bits/s are supportec. As a 
programmable option, the polarity of the received data can 
be inverted before further processing. 


The input data is noise filtered by means of a digital filter. 
Datais sampled at 16 times the data rate and averaged by 
majority decision. 


The filtered data is used to synchronize an internal clock 
generator by monitoring transitions. The recovered clock 
phase can be adjusted in steps of %@ or 14> bit period per 
received bit. 


The larger step size is used when dit synchronization has 
not been achieved, the smaller when a valid data 
sequence has been detected (e.g. preamble or sync 
word). 
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OFF to ON status 
no preamble or 
switch-o 
(3 batches} 
sync word 


preamble 


no preamble or 
(1 batch) preamble receive 


sync word 


data receive 


sync word no sync word 


; preamble 
data fail 


no preamble or 
sync word 
(1 batch) 


sync word preamble 
fade recovery 


no preamble or 
sync word 
(15 batches) 


sync word : preamble 
cartier off 


MLC247 


Fig.4 ACCESS® synchronization algorithm. 
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Synchronization strategy 


In ON status the PCD5003 synchronizes to the POCSAG 
data stream by means of the Philips ACCESS® algorithm. 
A flow diagram is shown in Fig.4. Where ‘sync word’ is 
used, this implies both the standard POCSAG sync word 
and any enabled User Programmable Sync Word 


(UPSW). 


Several modes of operation can be distinguished 
depending on the synchronization state. Each mode uses 
a different method to obtain data synchronization. The 
Receiver and Oscillator Enable outputs (respectively RXE 
and ROE) are switched accordingly, with the appropriate 
establishment times (respectively taxon and troon). 


Before comparing received data with preamble, an 
enabled sync word or programmed user addresses, the 
appropriate error correction Is applied. 


Initially, after switching to ON status, the decoder is in 
Switch-on mode. Here the receiver will be enabled for a 
period up to 3 batches, testing for preamble and sync 
word. Failure to detect preambie or sync word will cause 
switching to Carrier Off mode. 


Detection of preamble switches to Preamble Receive 
mode, in which sync word is looked for. The receiver will 
remain enabled while preamble is detected. When neither 
sync word nor preamble is found within 1 batch duration 
Carrier Off mode is entered, 


Upon detection of a sync word Data Receive made is 
entered. The receiver is activated only during enabled user 
address frames and sync word periods. When an enabled 
user address has been detected, the receiver will be kept 
enabled for message codeword reception until the call 
termination Criteria are met. 


During call reception data bytes are stored in an internal 
SRAM buffer, capable of storing 2 batches of message 
data. 


Messages are transmitted contiguousiy, only interrupted 
by sync words at the beginning of each batch. When a 
message extends beyond the end of a batch, no testing for 
sync takes place. Instead, a message data transfer will be 
initiated by an interrupt to the external controller. Data 
reception continues normally after a period corresponding 
to the sync word duration. 


If any message codeword is found to be uncorrectable, 
Data Fail mode is entered and no data transfer will be 
attempted at the next sync word position. Instead, a test for 
sync word will be carried out. 
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In Data Fail mode message reception continues normally 
for 1 batch duration. Upon detection of sync word at the 
expected position the decoder returns to Data Receive 
mode. If sync word again fails to appear, batch 
synchronization is deemed lost. Call reception is then 
terminated and Fade Recovery mode is entered. 


Fade Recovery mode is intended to scan for sync word 
and preamble over an extended window (nominal 
position +8 bits), This is done for a period of up to 

15 batches, allowing recovery of synchronization from 
long fades in the radio signal. Detection of preamble 
switches to Preamble Receive mode, while sync word 
detection switches to Data Receive mode. When neither is 
found within a period of 15 batches, the radio signal is 
considered lost and Carrier Off mode is entered. 


The purpose of Carrier Off mode is to detect a valid radio 
transmission and synchronize to it quickly and efficiently. 
Because transmissions may start at random, the decoder 
enables the receiver for 1 codeword in every 

18 codewords looking for preamble and sync word. By 
using a buffer containing 32 bits (n bits from the current 
scan, 32 —n from the previous scan) effectively every 
batch bit position can be tested within a continuous 
transmission of at least 18 batches. Detection of preamble 
switches to Preamble Receive mode, while sync word 
detection switches to Data Receive mode. 


Cali termination 


Call reception is terminated: 


* Upon reception of any address codeword (including Idle 
codeword) requiring no more than single bit error 
correction 


¢ jin Data Fail mode, when a sync word is not found at the 
expected batch position 


« When a forced call termination command is received 
from an external controller. 


The latter method permits an external controller to stop call 
reception depending on the number and type of errors 
which occurred in a codeword. After a forced call 
termination the decoder will enter Data Fail mode. 


The type of error correction as well as the call termination 
conditions are indicated by status bits in the message data 
output. 


Following call termination, transfer of the data received 
Since the previous syne word period is initiated by means 
of an interrupt to the external controller. 
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Call data output format 


POCSAG call information is stored in the decoder SRAM 
in blocks of 3 bytes per codeword. Each stored call 
consists of a Call Header, followed by Message Data 
blocks and concluded by a Call Terminator. !n the event of 
concatenated messages the Call Terminator is replaced 
with the Call Header of the next message. An alert-only 
call only has a Call Header and a Call Terminator. 


The formats of a Call Header, a Message Data block and 
a Call Terminator are shown in Tables 4, 6 and 8. 


A Call Header contains information on the last sync word 
received, the RIC which began call reception and the type 
of error correction performed on the address codeword. 


A Message Data block contains the data bits from a 
message codeword plus the type of error correction 
performed. No deformatting Is done on the data bits: 
numeric data appear as 4-bit groups per digit, 
alphanumeric data have a 7-bit ASCII representation. 


The Call Terminator contains information on the last sync 
word received, information on the way the call was 
terminated (Forced Call Termination command, loss of 
sync word in Data Fail mode) and the type of error 
correction performed on the terminating codeword. 


Sync word indication 


The sync word recognized by the PCD5003 is shown inthe 
Call Header (bits S3 to $1). The decimal value represents 
the identifier number in the EEPROM of the UPSW in 
question. A value of 7 indicates the standard POCSAG 
sync word. 
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Error type indication 


Table 10 shows how the different types of detected errors 
are encoded in the call data output format. 


A message codeword containing more than a single bit 
error (bit E3 = 1) may appear as an address codeword 
(bit M1 = 0) after error correction. In thls event the 
codeword is processed as message data and does not 
cause call termination. 


Data transfer 


Data transfer Is initlated either durlng sync word periods or 
as soon as the receiver is disabled after call termination. If 
the SRAM buffer is full, data transfer is initiated 
immediately during the next codeword. 


When the PCD5003 is ready to transfer received call data 
an external interrupt will be generated via output INT. Any 
message data can be read by accessing the RAM output 
register via the |?C-bus interface. Bytes will be output 
Starting from the position indicated by the RAM read 
pointer. 
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Table 4 Call Header format 








Table 5 Call Header bit identification 











BITS (MSB to LSB) IDENTIFICATION 
S3 to S1 identifier number of syne word for current batch (7 = standard POCSAG) 
R3 to R1 identifier number of user address (RIC) 
DF Data Fail mode indication (1 = Data Fail Mode); note 1 
FO“) function bits of received address codeword (bits 20, 21) 
E3 to E1 detected error type; see Table 10; £3 = O in a concatenated call header 





Note 
1. The DF bit in the Call Header is set: 


a) When the sync word of the batch in which the (beginning of the) call was received, did not match the standard 
POCSAG or a user-programmed sync word, The sync word identifier (bits S3 to S1) will then be made 0. 


b) When any codeword of a previous call received in the same batch was uncorrectable. 


Table 6 Message Data format 


BIT 7 


poms | Ma | MS 














ES 16-2] Detected error type; see Table 10 
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Table 8 Call Terminator format 


ca Pa = |e ps ppl dl 
2 [er [ssf se st dd 
Ts x xp ro pl Pe | ee | es | 


Table 9 Call Terminator bit identification 


Forced Call Termination (1 = yes) 

identifier number of last sync word 

identifier number of user address (RIC) 

Data Fail mode indication (1 = Data Fail mode); note 1 
detected error type; see Table 10; E3 = 0 in a call terminator 


Note 
1. The DF bit in the Call Terminator is set: 
a) When any call data codeword in the terminating batch was uncorrectable, while in Data Receive mode. 


b) When the sync word at the start of the terminating batch did not match the standard POCSAG or a 
user-programmed sync word, while in Data Fail mode. 





















Successful call termination occurs by reception of a valid 
address codeword with less than 2 bit errors. 
Unsuccessful termination occurs when sync word is not 
detected while in Data Fail mode. 


It is generally possible to distinguish these two conditions 
using the sync word identifier number (bits S3 to $1); the 
identifier number will be non-zero for correct termination, 
and zero for syne word failure. 


Only when a callis received in Data Fail mode and the call 
is terminated before the end of the batch, ts it not possible 
to distinguish unsuccessful from correct termination. 


Reception of message data can be terminated at any time 
by transmitting a Forced Call Termination command to the 
Control register via the I2@C-bus. Any call received will then 
be terminated immediately and Data Fail mode will be 
entered. 
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Table 10 Error type identification 


PCD5003 


ERROR TYPE NUMBER OF ERRORS 
1 


no errors - correct codeword 
parity bit in error 
single bit error 


not used 


4-bit burst error and parity error 
2-bit random error 





uncorrectable codeword 


Receiver and oscillator control 


A paging receiver and an RF osciilator circuit can be 
controlled independently via enable outputs RXE and ROE 
respectively. Their operating periods are optimized 
according to the synchronization mode of the decoder. 
Each enable signal has its own programmable 
establishment time (see Table 11). 


External receiver control and monitoring 


An external controlier may enable the receiver control 
outputs continuously via an 1@C-bus command, overruling 
the normal enable pattern. Data reception continues 
normally. This mode can be left by means of a Reset or an 
I2C-bus command. 


Externai monitoring of the receiver controt output RXE is 
possible via bit D6 in the Status register, when enabled via 
the Control register (D2 = 1). Each change of state of 
output RXE will generate an external interrupt at 

Output INT. 





3 (e.9.1101) 


3 or more 


Battery condition input 


A logic signal from an external sense circuit signalling 
battery condition can be applied to the BAT input. This 
inout is Sampled each time the receiver is disabled 
(RXE | 0). 


When enabled via the Control register (D2 = 0), the 
condition of input BAT is reflected in bit D6 of the Status 
register. Each change of state of bit D6 causes an external 
interrupt at output INT. 


When using the UAA2080 pager receiver a Battery-Low 
condition corresponds to a logic HIGH-level. With a 
different Sense circuit the reverse polarity can be used as 
well, because every change of State is signalled to an 
external controller, 


After a reset the initial condition of the Battery-Low 
indicator in the Status register is zero. 


Table 11 Receiver and oscillator establisnment times (note 1) 


CONTROL OUTPUT 


ROE 20 20 50 





Note 
1, 
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ESTABLISHMENT TIME 


UNIT 


The exact values may differ slightly from the above values, depending on the bit rate (see Table 22). 
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Synthesizer control 


Control of an external frequency synthesizer is possible 
via a dedicated 3-line serial interface (outputs ZSD, ZSC 
and ZLE). This interface is common to a number of 
available synthesizers. The synthesizer is enabled using 
the oscillator enable output ROE. 


The frequency parameters must be programmed in 
EEPROM. Two blocks of maximum 24 bits each can be 
stored. Any unused bits must be programmed at the 
beginning of a block: only the last bits are used by the 
synthesizer. 


Data is transferred to the synthesizer each time the 
PCD5003 is switched from OFF to ON status. Transfer 
takes place serially in two blocks, starting with bit 0 (MSB) 
of block 1 (see Table 25). 
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Data bits on ZSD change on the falling flanks of ZSC. After 
clocking all bits into the synthesizer, a latch enable pulse 
copies the data to the internal divider registers. A timing 
diagram is given in Fig.5. 


The data output timing is synchronous, but has a pause in 
the bit stream of each block. This pause occurs in the 13th 
bit while ZSC is LOW. The nominal pause duration t, 
depends on the bit rate and is shown in Table 12. The total 
duration of the 13th bit is given by tzc, + tp. 


A similar pause occurs between the first and the second 
data block. The delay between the first latch enable pulse 
and the second data block is given by tzp.2 + tp. The 
complete start-up timing of the synthesizer interface is 
given in Fig.12. 


© _ POCOECEOE Te 


aol Le 


t7oL tz7Ds 


JUUUUL IUUUL 


i TIME 


tou 
in TIME 


t2LE 


Fig.5 Synthesizer interface timing. 


Table 12 Synthesizer programming pause 
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Serlal microcontroller interface 


The PCD5003 has an |*C-bus serial microcontroller 
interface capable of operating at 400 kbits/s. The 
PCD5003 is a slave transceiver with |2C-bus address 
39 Dec (bits A6 to AO = 0100111). 


Data transmission requires 2 lines: SDA (data) and SCL 
(clock), each with an external pull-up resistor. The clock 
signal (SCL) for any data transmission must be generated 
by the external controlling device. 


A transmission is initiated by a start condition 
(S:SCL=1, SDA = |) and terminated by a stop condition 
(P: SCL = 1, SDA = f). 


aan 

LSB N MSB isB oN 

= 177 | 
) | 
|p| 
| | 

' | | | INTERRUPT 

SCL | 1 2 7 6 91 sEAVICING |! 2 7 8 9 | | 
| 
_ 
<— ADDRESS ——> AMn ACK +——- DATA >> ACK STOP 





Decoder I7C-bus access 


All internal access to the PCD5003 takes place via I2C-bus 
interface. For this purpose the internal registers, SRAM 
and EEPROM have been memory mapped and are 
accessed via an index register. Table 13 shows the index 
addresses of all internal blocks. 


Registers are addressed directly, while RAM and 
EEPROM are addressed indirectly via address pointers 
and I/O registers. 


Remark: The EEPROM memory map is non-contiguous 
and organized as a matrix. The EEPROM address pointer 
contains doth row and column indicators. 
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Data dits must be stable when SCL is HIGH. If there are 
multiple transmissions, the stop condition can be replaced 
with a new start condition. 


Data ts transferred on a byte basis, starting with a device 
address and a read/write indicator. Each transmitted byte 
must be followed by an Acknowledge bit 

(ACK: active LOW). If a receiving device is not ready to 
accept the next complete byte, it can force a dus wait state 
by holding SCL LOW. 


The general l#C-bus transmission format is shown in Fig.6. 
Formats for master/stave communication are shown in 
Fig. 7. 





Data written to read-only bits will be ignored. Values read 
from write-only bits are undefined and must be ignored. 


Each l2C-bus message to the PCD5003 must start with its 
Slave address, followed by the index address of the 
memory element to be accessed. The different I2C-bus 
message types are shown in Fig. 7. 


As a slave the PCD5003 cannot initiate bus transfers by 
itself. To prevent an external controller from having to 
monitor the operating status of the decoder, all important 
events generate an external interrupt on output INT. 
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FROM | FROM $ = START condition A = Acknowledge 
SLAVE P = STOP condition N = Not acknowledge 


MASTER 


index n bytes with 1 (read) index n bytes with 
address acknowledge address acknowledge 
change of direction MLOZ5O 


(a) Master writes to slave. 
(b) Master reads from slave. 
(c) Combined format (shown: write plus read}. 


Fig.7 Message types. 





Table 13 Index register 


Se Co 
03 Alen Cadence 

Periodic Interrupt Modulus 

Periodic Interrupt Counter 


OB RAM Write Address pointer 
[8 SS*dRAM Read Adress pointer ——SSC«dESCSCR 
09 


Notes 
1. The index register only uses the least significant nibble, tne upper 4 bits are ignored. 
2. Writing to registers OB to OF has no effect, reading produces meaningless data. 
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External interrupt 


The PCD5003 can signat events to an external controller 
via an interrupt signal on output INT. The interrupt polarity 
is programmable via SPF programming. The interrupt 
source is shown in the status register. 


Interrupts are generated by the following events (more 

than one event possible): r 

¢ Call data available for output (bit D2) 

« SRAM pointers becoming equal (bit D3) 

e Expiry of periodic time-out (bit D7) 

¢ Expiry of alert time-out (bit D4) 

« Change of state in Out-of-Range indicator (bit D5) 

¢ Change of state in Battery-Low indicator or in receiver 
control output RXE (bit D6). 


Immediate interrupts are generated by status bits D3, D4, 
D6 (RXE monitoring) and D7. Bits D2, D5 and D6 (BAT 
monitoring) generate interrupts as soon as the receiver is 
disabled (RXE = 0). 


Table 14 Status register (00 Hex, read) 


BIT 
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When call data is available (D2 = 1) but the receiver 
remains switched on, an interrupt is generated at the next 
sync word position. 


The interrupt output INT is reset after completion of a 
Status read operation. 


Status/Control register 


The Status/Control register consists of two independent 
registers, one for reading (Status) and one for writing 
(Control). 


The Status register shows the current operating condition 
of the decoder and the cause(s) of an external interrupt. 
The Control register activates/deactivates certain 
functions. Tables 14 and 15 show the bit allocations of 
both registers. 


All status bits will be reset after a status read operation 
except for the Out-of-Range, Battery-Low and Receiver 
Enable indicator bits (see note 1 to Table 14). 


DESCRIPTION 


no new Call data 
call data available 


reserved for future use 


D1, DO 
11 reserved for future use 


no data to be read (default after reset) 


RAM read/write pointers different: data to be read 

RAM buffer full or overflow 

alert time-out expired 

BAT input HIGH or RXE output active (selected by Control bit D2) 
periodic timer Interrupt 


Note 





1. After a status read operation bits D3, D4 and D7 are always reset, bits D1 and DO only when no second call is 
pending. D2 is reset when the RAM is empty (read and write pointers equal). 
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Table 15 Controt register (00 Hex, write) 





D5 to D7 


Pending interrupts 
A secondary Status register is used for storing status bits 
of pending interrupts. This occurs: 


« When a new call is received while the previous one was 
not yet acknowledged by reading the Status register 


¢ When an interrupt occurs during a status read operation. 


After completion of the status read the primary register is 
loaded with the contents of the secondary register, which 
is then reset. Next, an immediate interrupt is generated, 
output INT becoming active 1 decoder clock cycle after it 
was reset following the status read. 


Remark: In the event of multiple pending calls only the 
Status bits of the last call are retained. 


Out-of-Range Indication 


The Out-of-Range condition occurs when entering Fade 
Recovery or Carrier Off mode. This condition is reflected in 
bit D5 of the Status register. The Out-of-Range condition is 
left when entering Data Receive mode. 


The Out-of-Range bit (D5) in the Status register is updated 
each time the receiver is disabled (RXE | 0). Every 
change of state in bit D5 generates an interrupt. 
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[1 |fereed ea erninaton fauiomaticaly reset ater terninator) 
EEPROM programmingenavie 
[0] 2 input seected for monitoring (Status bE) 
[1] AXE output selected for monitoring (Status EDS) 


receiver continuously enabled NE 21 AOE 1) 
1 __sscece in OFF status (while DON = 0) 
1 __sscece in ON status 


a ae, not used: ignored when written 
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Real time clock 


The PCD5003 provides a periodic reference pulse at 
output REF. The frequency of this signal can be selected 
by SPF programming: 

¢ 32768 Hz 

¢ 50 Hz (square-wave) 

«DAZ 

: Yeo Hz. 


The 32768 Hz signal does not have a fixed period: it 
consists of 32 pulses evenly distributed over 75 main 
oscillator cycles at 76.8 kHz. The timing is shown in Fig. 13. 


When programmed for Yq Hz (1 pulse per minute) the 
pulse at output REF is held off while the receiver is 
enabled, 


Except for the 50 Hz frequency the pulse width trrp is 
equal to one decoder clock period. 


The real time clock counter runs continuously irrespective 
of the operating condition of the PCD5003. It contains a 
seconds register (maximum 59) and a 1499 second 
register (maximum 99), which can be read or written via 
the |2C-bus. The bit allocation of both registers is shown in 
Tables 16 and 17. 
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Table 16 Real time clock: seconds register (01 Hex, read/write) 


arr as: 7 
a 
oe 
bs 

















= 
a 
Se 
= eseconss SSS 
i seconas SSCS 
a 


not used: ignored when written, undetermined when read 


not used: ignored when written, undetermined when read 


Table 17 Real time clock: %4o9 second register (02 Hex, read/write) 


[oo OdSSCS~*~*~di seen SS—~—“—~sSsSsS~SCSCSCS 
a 
[ped SS~*di Secon CCSC~“‘“S*S*S*S*“‘S*S*SCSCS~S~S 


[soos secre SSCSC—~—S 
a CO 
a 
a 





Periodic interrupt Received call delay . 


A periodic interrupt can be realised with the Periodic Call reception causes both the Periodic Interrupt Modulus 
Interrupt Counter. This 8-bit counter is incremented every and the Counter register to be reset. 

Viog Second and produces an interrupt when it reaches the 
value stored in the Periodic Interrupt Modulus register. The 
Counter register is ther reset and counting continues. 


Since the Periodic Interrupt Counter runs for another 
2.55 seconds after a reset, the received call delay 

(in Yoo Second units) can be determined by reading the 
Operation is started by writing a non-zero value to the Counter register. 

Modulus register. Writing a zero will stop interrupt 

generation immediately and will halt the Periodic Interrupt 

Counter after 2.55 seconds. 


The Modulus register is write-only, the Counter register 
can only be read. Both registers have the same index 
address (05 Hex). 
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Alert generation POCSAG or determined via the Alert Cadence register. 


Direct alert control is possible via Input ALC. 
The PCD5003 is capable of controlling 3 different alert P P 


transducers: acoustic beeper (HIGH- and LOW-level), The Alert Setup register Is shown in Table 18. 
LED and vibrator motor. The assocjated outputs are 
ATH/ATL, LED and VIB respectively. ATL Is an open drain 
output capable of directly driving an acoustic alerter via a 
resistor. The other outputs require external transistors. 


Standard POCSAG alerts can be selected by setting 
bit DO in the Alert Setup register, bits D6 and 07 
determining the alert pattern used. 


Automatic generation via all alert outputs of the POCSAG 
alert pattern matching the received call type can be 
enabled by SPF programming (SPF byte 03, bit D2). 


Each alert output can be individually enabled via the Alert 
Setup register. Alert level and warble can be separately 
selected. The alert pattern can either be standard 


Table 18 Alert setup register (04 Hex, write) 


BIT (MSB: D7) VALUE DESCRIPTION 
> ——~ o> ——_ eal alert via Cadence Register 


-—_{___. POCSAG call alert (pattern selected by D7, D6) 
a LOW-level acoustic alert (ATL), pulsed vibrator aler (25 Hz) 
a | HIGH-level acoustic alert (ATL + ATH), continuous vibrator alert 


normal alerts (acoustic and LED) 

warbled alerts: 16 Hz (LED: on/off, ATL/ATH: alternate fawy, fawL) 
acoustic alerts enable (ATL, ATH) 

vibrator alert enabled (VIB) 


D7, Dét) 


Note 


1. Bits D7 and D6 correspond to function dits 20 and 21 respectively in the address codeword, which designate the 
POCSAG call type as shown in Table 1. 


POCSAG alert pattern FC = 00, see Fig. 8(a) 
POCSAG alen pattern FC = 01, see Fig.8(b) 
POCSAG alert pattern FC = 10, see Fig.8(c) 
POCSAG alert pattern FC = 11, see Fig.8(d) 





Fig.8 POCSAG alert patterns. 
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ALERT CADENCE REGISTER (03 HEX, WRITE) 


Waen not programmed for POCSAG alerts (Alert Setup 
register bit DO = 0), the 8-bit Alert Cadence register 
determines the alert pattern. Each bit represents a 

62.5 ms time Slot, a logic 1 activating the enabled alert 
transducers. The bit pattern is rotated with the 

MSB (bit D7) being output first and the LSB (bit DO) last. 


When the last time slot (bit DO) is started an interrupt is 
generated to allow loading of a new pattern. When the 
pattern is not changed it will be repeated. Writing a zero to 
the Alert Cadence register will halt alert generation. 


ACOUSTIC ALERT 


Acoustic alerts are generated via outputs ATL and ATH. 
For LOW-level alerts only ATL is active, while for 
HIGH-level alerts ATH is also active. ATL is driven in 
counter phase with ATH. 


The alert level is controlled by bit D1 of the Alert Setup 
register. 


When D1 is reset for standard POCSAG alerts (DO = 1), a 
LOW-level acoustic alert is generated during the first 

4 seconds (ATL), followed by 12 seconds at HIGH-level 
(ATL + ATH). When D1 is set, the full 16 seconds are at 
HIGH-level. An interrupt is generated upon expiry of the 
full alert time. 


When using the Alert Cadence register, D1 would normally 
be updated by external control when the alert time-out 
interrupt occurs at the start of the 8th cadence time slot. 
Since D1 acts immediately on the alert level, it is advised 
to reset the last bit of the previous pattern to prevent 
unwanted audible level changes. 


LED ALERT 


The LED output pattern corresponds eitner to the selected 
POCSAG alert or to the contents of the Alert Cadence 
register. No equivalent exists for high/low-level alerts. 


VIBRATOR ALERT 


The vibrator output (VIB) is activated continuously during 
a Standard POCSAG alert or whenever the Alert Cadence 
register is non-zero. 


Two alert levels are supported: low-level 

(25 Hz square-wave) and high-level (continuous). The 
vibrator level is controlied by bit D1 in the Alert Setup 
register. 
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WARBLED ALERT 


When enabled by setting bit D2 in the Alert Setup register, 
the signals on outputs ATL, ATH and LED are warbled with 
a 16 Hz modulation frequency. Output LED is switched on 
and off at the modulation rate, while outputs-ATL and ATH 
switch between fawy and fay, alerter frequencies. 


DIRECT ALERT CONTROL 


A direct Alert Control input (ALC) is available for. 
generating user alarm signals (e.g. Battery-Low warning). 
A HIGH-level on input ALC activates all enabled alert 
outputs, overruling any ongoing alert patterns. 


ALERT PRIORITY 


Generation of a standard POCSAG alert (DO = 1) 
overrides any alert pattern in the Alert Cadence register. 
After completion of the standard alert, the original cadence 
is restarted from the position it was left at. The Alert Setup 
register will now contain the settings for the standard alert. 


The highest priority has been assigned to the Alert Control 
input (ALC). All enabled alert outputs will be activated 
while ALC is set. Outputs are activated/deactivated 
synchronous with the decoder clock. Activation requires 
an extra delay of 1 clock when no alerts are being 
generated. 


When input ALC is reset, acoustic alerting does not cease 
until the current output-frequency cycle has been 
completed, 


AUTOMATIC POCSAG ALERTS 


Standard alert patterns have been defined for each 
POCSAG calli type, as indicated by the function bits in the 
address codeword (see Table 1). The timing of these alert 
patterns is shown in Fig.9. 


When enabled by SPF programming (SPF byte 03, bit D2) 
standard POCSAG alerts will automatically be generated 
on outputs ATL, ATH, LED and VIB upon call reception, 
The alert pattern matches the call type as indicated by the 
function bits in the received address codeword. 


The original settings of the Alert Setup register will be lost. 
Bit DO is reset after completion of the alert. 
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Fig.9 POCSAG alent timing. 


RAM organization 
SRAM ACCESS 


The on-chip SRAM can hold up to 96 bytes of call data. 
Each call consists of a Call Header (3 bytes), Message 
Data blocks (3 bytes per codeword) and a Call Terminator 
(3 bytes). 


The RAM is filled by the decoder and can be read via the 
l2C-bus interface. The RAM Is accessed indirectly by 
means of a read address pointer and a data output 
register. A write address pointer indicates the position of 
the last message byte stored. 


Stalus register bit D2 is set when the read and write 
pointers are different. It is reset only when the SRAM 
pointers become equal during reading, i.e. when the RAM 
becomes empty. 


Status bit D3 is set when the read and write pointers 
become equal. This can be due to a RAM empty or a RAM 
full condition. It is reset after a status read operation. 


Interrupts are generated as follows: 


» When Status bit D2 ts set and the receiver is disabled 
(RXE = 0): data is available for reading 


¢« Immediately when Status bit D3 is set: RAM is either 
empty (Status bit D2 = 0) or full (Status bit 02 = 1). 


To avoid loss of data due to RAM overflow at least 3 bytes 
of data must be read during reception of the codeword 
following the ‘RAM full’ interrupt. 
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RAM WRITE ADDRESS POINTER (06 HEX, READ) 


The RAM write address pointer is automatically 
incremented during call reception, as the decoder writes 
each data byte to RAM. Tne RAM write address pointer 
can only be read. Values range from 0 to 5F Hex. 

Bit 07 (MSB) is not used and its value is undefined when 
read. 


RAM READ ADDRESS POINTER (08 HEX, READ/WRITE) 


The RAM read address pointer is automatically 
incremented after reading a data byte via the RAM output 
register, 


It can be accessed for writing as well as reading. 


The values range from 0 to 5F Hex. When at 5F Hex a 
read operation will cause wrapping around to 00 Hex. 
Bit D7 (MSB) is not used; It Is Ignored when written and 
undefined when read. 


RAM DATA OUTPUT REGISTER (09 HEX, READ) 


The RAM data output register contains the byte addressed 
by the RAM read address pointer. It can only be read, each 
read operation causing an increment of the RAM read 
address pointer. 
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EEPROM ACCESS 


The EEPROM is intended for storage of user addresses 
(RICs), sync words and Special Programmed Function 
(SPF) bits representing the decoder configuration. 


The EEPROM can store 48 bytes of information and is 
organized as a matrix of 8 rows by 6 columns. The 
EEPROM is accessed indirectly via an address pointer 
and a data I/O register. 


The EEPROM is protected against inadvertent writing by 
means of the Programming Enable bit in the Contro! 
register (bit D1). 


The EEPROM memory map is non-contiguous as can be 
seen in Fig.10, which shows both the EEPROM 
organization and the access method. 


Identifier locations contain RICs or syne words. A total of 
20 unassigned bytes is available for general purpose 
storage. 


EEPROM ADDRESS POINTER (07 HEX, READ/WRITE) 


An EEPROM location is addressed via the EEPROM 
address pointer. It is incremented automatically each time 


a byte is read or written via the EEPROM data I/O register. 


The EEPROM address pointer contains two counters, for 
the row and the column number, Bits D2 to DO contain the 
column number (0 to 8) and bits D5 to D3 the row number 
(0 to 7). Bits D7 and D6 of the address pointer are not 
used. Data written to these bits will be ignored, while their 
values are undefined when read. 
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Fig.10 EEPROM organization and access. 
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The column and row counters are connected in series. 
Upon overflow of the column counter (column = 5) the row 
counter is automatically incremented and the column 
counter wraps to 0. On overflow the row counter wraps 
from 7 to 0. 


EEPROM DATA I/O REGISTER (OA HEX, READ/WRITE) 


The byte addressed by.the EEPROM address pointer can 
be written or read via the EEPROM Data |/O register. Each 
access automatically increments the EEPROM address 
pointer. 


EEPROM ACCESS LIMITATIONS 


Since the EEPROM address pointer is used during data 
decoding, the EEPROM may not be accessed while the 
receiver is active (RXE = 1). It is advised to switch to OFF 
state before accessing the EEPROM. 


The EEPROM cannot be written unless the EEPROM 
Programming Enable bit (bit D1) in the Control register is 
set. 


For writing a minimum supply voltage Vpg is required 
(2.5 V typ.). The supply current needed during writing (lpg) 
will be ~500 nA. 


EEPROM READ OPERATION 


EEPROM read operations must start at a valid address in 
the non-contiguous memory map. Single-byte or block 
reads are permitted. 
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EEPROM WRITE OPERATION 


EEPROM write operations must always take place in 
blocks of 6 bytes, starting at the beginning of a row. 
Programming a single byte will reset the other bytes in the 
same row. Modifying a single byte in a row requires 
re-writing the unchanged bytes with their old contents. 


After writing each block a pause of maximum 7.5 ms is 
required to complete the programming operation 
internally. During this time the external microcontroller 
may generate an I@C-bus Stop condition. If another 
i2C-bus transfer is started the decoder will pull SCL LOW 
during this pause. 


After writing the EEPROM Programming Enable bit (D1) in 
the Control] register must be reset. 


INVALID WRITE ADDRESS 


When an invalid write address is used, the column counter 
bits (D2 to DO) are forced to zero before being loaded into 
the address pointer. The row counter bits are used 
normally. 


INCOMPLETE PROGRAMMING SEQUENCE 


A programming sequence may be aborted by an |2C-bus 
Stop condition. Next, the EEPROM Programming Enable 
bit (D1) in the Control register must be reset. 


Any bytes received of the last 6-byte block will be ignored 
and the contents of this (incomplete) EEPROM block will 
remain unchanged. 


Table 20 Special Programmed Functions (00 Hex) 
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UNUSED EEPROM LOCATIONS 


A total of 20 EEPROM bytes is available for general 
purpose storage (See Table 19). 


Table 19 Unused EEPROM addresses 


— ae 
6 


28 to 2D 
38 to 3D 





Note 


1. When using bytes 04 and 05 Hex, care must be taken 
to preserve the SPF information stored in 
bytes 00 to 03 Hex. 


SPECIAL PROGRAMMED FUNCTION ALLOCATION 


The SPF bit allocation in the EEPROM is shown in 
Tables 20 to 24. The SPF bits are located in row O of the 
EEPROM and occupy 4 bytes. 


Bytes 04 and 05 Hex are not used and are available for 
general purpose storage. 


DESCRIPTION 


reserved for future use; logic 0 when read 
reserved for future use 


reserved for future use 


reserved for future use 


reserved for future use 


reserved for future use 
reserved for future use; logic 0 when read 
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Table 21 Special Programmed Functions (01 Hex) 


BIT (MSB: D7) VALUE DESCRIPTION 
00 5 ms receiver establishment time (nominal); note 1 
D1, DO 
Y  - OO OY 20 ms oscillator establishment time (nominal); note 1 
D3, D2 | 


00 512 bits/s received bit rate 


01 1024 bits/s (not used in POCSAG) 
D5, D4 . 
1200 bits/s 
11 2400 bits/s 


D6 1 synthesizer interface enabled (programming at switch-on) 
D7 1 voltage converter enabled 
Note 
1. Since the exact establishment time is related to the programmed bit rate, Table 22 shows the values for the various 
bit rates. 


Table 22 Establishment time as a function of bit rate 






NOMINAL ACTUAL ESTABLISHMENT TIME (bits) 
ESTABLISHMENT 


eae 
12.7 ms (6) | _11.7 me (12) 
79.4 ms (12 
31.2 ms (16) 31.2 ms (32) 26.7 ms (64) 
39.1. ms (20) 40.0 ms (48) 
OE 
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Table 23 Special Programmed Functions (02 Hex) 


BIT (MSB: D7) DESCRIPTION 

SS ea oe ee 
ee eS 
308768 2 eal Tine Giak iene 
ie 
D3, D2 


x 

X x 
1 

0 : 

xX 


D 


D | == 4 «| Signal test mode enabled (REF and INT outputs) 
D a a Burst error correction enabled 
D7, D6 reserved for future use 


1 
4 
5 


Table 24 Special Programmed Functions (03 Hex) 


BIT (MSB: D7) VALUE DESCRIPTION 
0 2048 Hz Acoustic alerter frequency 


0 
01 2731 Hz 
1 


INT output polarity: active HIGH  - 


x 
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SYNTHESIZER PROGRAMMING DATA 


Data for programming a PLL synthesizer via pins ZSD, 
ZSC and ZLE can be stored in row 1 of the EEPROM. 
Six bytes are available starting from address 08 Hex. 


Table 25 Synthesizer programming data (08 to OD Hex) 


ADDRESS (HEX) BIT (MSB: D7) DESCRIPTION 
bits 0 to 7 of data block 1 (bit 0 is MSB) 
bis 810 15 
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Data is transferred in two serial blocks of 24 bits each, 
Starting with bit O (MSB) of block 1. Any unused bits must 
be programmed at the beginning of a block. 


bits 0 to 7 of data block 2 (bit 0 is MSB) 





D7 to DO bits 16 to 23 


D7 to DO bits 16 to 22 


IDENTIFIER STORAGE ALLOCATION 


Up to 6 different identifiers can be stored in EEPROM for 
matching with incoming data. The PCD5003 can 
distinguish two types of Identifters: 


« User addresses (RIC) 
¢ User Programmable Sync Words (UPSW). 


identifiers are stored in EEPROM rows 2, 3 and 4. Each 
identifler locatlon consists of 3 bytes In the same column. 
The identifier number is equal to the column number + 1. 


Table 26 identifier storage allocation (10 to 25 Hex) 


18 to 1D 
20 to 25 


November 1994 


Only the last 4 identifiers (numbers 3 to 6) can be 
programmed as a UPSW. Identifiers 1 and 2 always 
represent RICs. A UPSW represents an unused address 
and must differ by more than 6 bits from preamble to 
guarantee detection. 


The standard POCSAG sync word is always enabled and 
has identifier number 7. 


Table 26 shows the memory locations of the 6 identifiers. 
The bit allocation per identifier is given in Table 27. 





ADDRESS HEX] BYTE 


Identifier number 1 to 6 
identifier number 1 to 6 
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Table 27 Identifier bit allocation 


evrE 
1 | erieoe [rats ROSAS ston Eo UPS ROE RRS 


frame number bit FR3 (RIC); note 3 
frame number bit FR2 (RIC) 


identifier type selection (0 = UPSW, 1 = RIC); note 4 
identifier enable (1 = enabled) 


reserved for future use, logic 0 when read 





3 = frame number bit FR1 (RIC) 


Notes 
1. The bit numbering corresponds with the numbering in a POCSAG codeword: bit 1 is the flag bit 
(0 = address, 1 = message). 


2. AUPSW needs 18 bits to be matched for successful identification. Bit 1 (MSB) must be logic 0; bits 2 to 19 contain 
the identifier dit pattern; they are followed by 2 predetermined random (function) bits and the UPSW is completed by 
10 CRC error correction bits and an even-parity bit. 


3. Bits FR3 to FR1 (MSB: FR3) contain the 3 least significant bits of the 21-bit RIC. 
4. Identifiers 1 and 2 (RIC only) will be disabled by programming bit D2 as logic 0. 


Voltage doubler 


An on-chip voltage doubler provides an unregulated DC 
Output for supplying an LCD or a low power microcontroller 
on output Veo. An external ceramic capacitor of typical 
100 nF is required between pins CCN and CCP. The 
voltage doubler is enabled via SPF programming. 


Level-shifted interface 


All interface lines are suited for communication with a 
microcontroller operating from a higher Supply voltage. 
The external device must have a common reference at Ves 
of the PCD5003. 


The reference voltage for the level-shifted interface must 
be applied to input Vpr. This could be the on-chip voltage 
doubler output Veo if required. When the microcontroller 
has 4 separate (regulated) supply this separate supply 
voltage should be connected to Vpa. 


The level-shifted interface Ilnes are: RST, DON, ALC, 
REF, INT. 


The |?C-bus Interface lines SDA and SCL can be 
levei-shifted independently of Vp, by means of the 
standard external pull-up resistors. 


November 3994 


Signal test mode 


A special Signal test mode is available for monitoring the 
performance of a receiver circuit together with the 
front-end of the PCD5003. 


For this purpose the output of the digital noise filter and the 
recovered bit clock are made available at outputs REF and 
INT respectively. All synchronization and decoding 
functions are normally active. 


Signal test mode is activated/deactivated by SPF 
programming. 
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OPERATING INSTRUCTIONS 
Reset conditions 


When the PCD5003 is reset by applying a HIGH-level on 
input RST, the condition of the decoder is as follows: 


¢ OFF status (irrespective of DON input level) 
« REF output frequency 32768 Hz 

¢ All internal counters reset 

Status/Control register reset 

¢ INT output at LOW-level 

No alert transducers selected 

LED, VIB and ATH outputs at LOW-level 
ATL output high-impedance 

SDA, SCL inputs high-impedance 

Voltage converter disabled. 


Within tasy after release of the reset condition (RST LOW) 
the programmed functions are activated. The settings 
affecting the external operation of the PCD5003 are as 
follows: 


e REF output frequency 
« Voltage converter 

* INT output polarity 

¢ Signal test mode. 


When input DON is HIGH, the decoder starts operating in 
ON status immediately following tasu. 


Power-on reset circuit 


Input RST has an internal high-ohmic pull-down resistor 
(nom. 2 MQ at 2.5 V supply). This can be used together 
with an external Capacitor to Vpp to make a power-on reset 
signal. 


Since this pull-down varies considerably with processing 
and supply voltage, a more accurate reset duration can be 
realised with an additional external resistor to Vgs. 


November 1994 


Preliminary specification 


PCD5003 


Reset timing 


The start-up time for the crystal oscillator may exceed 

1 second (typ. 800 ms). It is advised to apply a reset 
condition at least during the first part of this period. The 
minimum reset pulse duration trey is 50 us. - 


During reset the oscillator is active, but clock signals are 
inhibited internally. Once the reset condition is released 
the end of the oscillator start-up period can be detected by 
a rising edge on output INT. 


During a reset the voltage converter clock (VCLK) is held 
at zero. The resulting output voltage drop may cause 
problems when the external resetting device is powered by 
the internal voltage doubler. A sufficiently large buffer 
capacitor between output Vpo and Vss must be provided 
to supply the microcontroller during reset. The voltage at 
Vpo will not drop below Vpp — 0.7 V. 


Immediately after a reset all programmable internal 
functions will start operating according to a programmed 
value of 0. During the first 8 full clock cycles (tasy) all 
programmed values are loaded from EEPROM. 


After reset the receiver outputs RXE and ROE become 
active immediately, if DON is HIGH and the synthesizer is 
disabled. When the synthesizer is enabled, RXE and ROE 
will only become active after the second pulse on ZLE 
completes the loading of synthesizer data. 


The full reset timing is shown in Fig.11. The start-up timing 
including synthesizer programming is given in Fig. 12. 
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DON : 
he 


2s¢ BLOCK 3 | | BLOCK 2 | 


ZLE | 
tZDL1 he (ZDL1— | 
'ZDL2*tp 


(73yl—— — — 'CLK 
—<—_—__——_—_———-t OSU MLC255 


Fig.12 Start-up timing including synthesizer programming. 


LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER 
Veo | supply voiage Ee 
input voltage any pin [Ves=08 |Voo+08 |v 
fs : : 


total power dissipation ——S~S~SSSS~*dS [mm 
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DC CHARACTERISTICS 
Vop = 2.7 Vi Veg = OV: Tamp = -25 to +70 °C; unless otherwise specified. 


rsvmeoc | paraweveR | _cOnomons | _wN | 1vR | WAX | UNIT 
V 
V 
V 











programming supply voltage 


HIGH level input voltage 
RDI, BAT XTAL1 
DON, ALC, RST 
SDA, SCL 

LOW level input current 

RDI, BAT,TS1, TS2 

DON, ALC, RST 

HIGH level input current 

















‘Ippo 

floor 

Veo | 

Ibe | 

LOW level input voltage 

RDI, BAT XTAL1 
DON, ALC, RST 
SDA, SCL 









DD 
PG 
programming supply current 
IL 
1H 
ri 
iW 


Tamb = 25°C 


TS1, TS2 Vi= Vop 
RDI, BAT vis Vpop; RXE = 0 
RDI, BAT Vi = Vop; RXE = 1 


DON, ALC, RST Vi=Vpp 
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rsvmeor [_paraweren | _conommons | wn | Te] wax | UN 


LOW level output current Tent 225°C 
VIB, LED Vo, = 0.3V 
ATH Vo. = 0.3 V 
INT, REF % Vo, = 0.3 V 
ZSD, ZSC, ZLE Vo, = 0.3V 
ATL Vo = 1.2 V; note 2 


ROE, RXE Vot = 0.3 V 
HIGH level output current Teabe2o SG 
viB, LED Voy = 0.7V 
ATH Vou = 0.7 V 
INT, REF Von =2.4V 
ZSD, ZSC, ZLE Vou = 2.4 V 
ATL ATL high-impedance 
ROE, RXE Von = 2.4V 





Notes 


1. Allinputs = Vgg; all outputs open-circuit; SDA, SCL pulled up to Vpp: clock signal at XTAL1: 
fosc = 76800 Hz, amplitude: Vgs to Vpp; outputs RXE and ROE togic 0; REF output: fre = Yeo Hz. 


2. Maximum output current is subject to absolute maximum ratings per output (see Chapter “Limiting values’). 


DC CHARACTERISTICS (WITH VOLTAGE CONVERTER) 
Vop = 2.7 V; Vsg = 0 Vi Ver = Veo: Tamp = -25 to +70 °C; C, = 100 nF; voltage converter enabled. 


SYMBOL PARAMETER CONDITIONS | MIN. | TYP. | MAX. UNIT 
ac eames a 
output voltage; no load Vop = 2.7; Ipo = 0 


Veo _—_—_—i| output voltage Voo = 2.0 V; Ipo = -250 pA 


output current Vop = 2.0 Vi Veg = 2.7 V 
Vop = 3.0 Vi Veo = 4.5 V 





OSCILLATOR CHARACTERISTICS 

Quartz crystal type: MX-1V or equivalent. 

Quartz crystal parameters: f = 76 800 Hz; RAgimay = 35 kKQ; C, = 8 pF; Co = 1.4 pF; Cy = 1.5 fF; TC = -35 x 10-F/K. 
Maximum overall tolerance: +200 x 10-6 (includes: cutting, temperature, aging). 


SYMBOL PARAMETER CONDITIONS 





output capacitance XTAL2 
Gm oscillator transconductance Vp 
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AC CHARACTERISTICS 
Vop = 2.7 V; Vgg = OV; Tamb = 25 °C;. fosce = 76800 Hz. 


remot] parawerer | —_conomons [wn | We | wax | UNIT 


System clock 


system clock period fosc = 76800 Hz Sr ee ae 















Call alert frequencies ‘ 
alert frequency SPF byte 03 Hex; bits: 
Di,00=00 
D1, D0 =01 






D1,D0=10 
D1, DO =1 1 


faw warbled alert; modulation alert setup bit D2 = 1; 
frequency outputs ATL, ATH, LED 


faweH warbled alert; alert setup bit D2 = 1; faL Hz 
high acoustic alert frequency outputs ATL, ATH 






fawe warbled alert; low acoustic alert | alert setup bit D2 = 1; 
frequency outputs ATL, ATH 

fypo pulsed vibrator frequency low-level alert 
(square-wave) 


Call alert duration 


= 
: 2 









{0 VIB output time-out period _| high levet alert [= - ite |e ilee. 
taLp alert pulse duration | 


Real time clock reference 


fet real time clock reference SPF byte 02 Hex; bits: 
frequency D3, D2 = 0 0: note 1 32768 Hz 
D3, D2 = 0 1; note 2 50 Hz 
D3, D2 =10 2 Hz 
DS (D2eet-1 


tare real time clock reference pulse | all reference frequencies 
duration except 50 Hz (square-wave) 
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revmeou] Paraweren | _conommions |__| Tv | wax | uw 


Receiver control 












RXE establisnment time SPF byte 01 Hex; bits: 

(nominal values: actual D1,D0=00 ms 

duration is bit rate dependent, _ 

see Table 22) ? ee a 
D1,D0=10 ms 
Di, DO =1 1 ‘ms 


ROE establishment time SPF byte 01 Hex; bits: 
(nominal values: actual D3, D2=00 


duration is bit rate dependent, 


see Table 22) D3, D2 =01 


D3, D2 =10 
D3, D2 = 1 1 






QOooar = OO 
on Oo 





I?C-bus interface 









foci SCL clock frequency 
SCL clock low period 
SCL clock HIGH period 
data set-up time 

data hold time 


SDA, SOL rise tne — 


tlow 1.3 


tHIGH 
tsuDaT 
tHDDAT 


Ww 
oO 


SDA, SCL fall time 8) 
capacitive bus line load 
start condition set-up time 
start condition hold time 


Stop condition set-up time 


LaF) 


tsusTa 
tHDSTA 
tsusTo 


S 








Reset 


= external reset duration ——-- sis 
trsu set-up time after reset 
tosu Set-up time after switch-on 
Data Input 


data input transition time 
data input logic 1 duration 
datainputloge Oduration | 


POCSAG data timing (512 bits/s) 


data input rate SPF byte 01 Hex; 
bits D5,D4=00 


tax __[bitduraton _ 


teow codeword duration 





infinite 


aes 
So o 






512 bits/s 


62.5 


nln 


=| 


Co 
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mx _[preambieduration ——Sid|SSSCSC~S~— NSC 
Text [batch duration S| SSSC~S~—CSCSCSC=*di DB | - 
POCSAG data timing (1200 bits/s) 

data Input rate SPF byte 01 Hex: ee Pe 

rs bits D5,D4=10 

= fasas [=a 
tow _feodeword duration «| SC™~SsS~SSS~*i = ms 
fn __[preambe auration «| SSSSSC~—~sABWOSC*d-SSdSid 
‘amr _[batchduration TSS jas33 [- ms 







POCSAG data timing (2400 bits/s) 


fe! 
bits D5, D4 =11 
— 
Tear [batch duration ————SS«dSSSSS 


Synthesizer control 


[ois 
Meso [output cook frequency [notes ————SS~C~id=SCS~i OO 
a 

us 










load enable pulse duration 
inter block delay 


Notes 


— 


32768 Hz reference signal: 32 pulses per 75 clock cycles, alternately separated by 1 or 2 pulse periods 
(pulse duration: tarp). The timing is shown in Fig.13. 


50 Hz reference signal: square-wave. 


ed 


Fall time may be faster than prescribed in the I?C-bus specification. This does not influence the functionality but may 
cause more interference. 


Duration depends on programmed bit rate; after reset tzsy = 1.5 bits. 
Nominal values; pause in 12th data bit (see Table 12). 


REP 


JUPOUUULL 


MLO278 


5 
tarp Le | 


2tREP 


Fig.13 Timing of the 32768 Hz reference signal. 
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ADPCM CODEC for Digital Cordless Telephone 


The PCD5032 is a CMOS device designed for use in Digital European Cordless Telephone 
systems (DECT) but it is also suited for other cordless telephony applications (e.g. CT2). The 
PC05032 performs A/D and D/A conversion, ADPCM encoding and decoding compliant to 
CCITT recommendation G.721 (blue book 1988). The PCD5032 allows direct connection to 
external microphone and earpiece. The device can be used in both handset and 
base-station designs. 


This objective specification contains advance information and is subject to change without 
notice. 


Featuress 


-G.721 compliant ADPCM encoding and decoding 

- ‘Bitstream’ A/D and D/A conversion 

- On-chip receive and transmit filter 

- On-chip ringer and tone generator 

- Programmable gain of receive and transmit path 

- Serial ADPCM interface with independent timing for maximum flexibility 

- Linear PCM data accessible for digital echo cancelling 

- Programmable via l2C interface 

- Fast receiver mute input via pin 

- On-chip voltage reference 

- On-chip symmetrical supply for electret microphone 

- Few external components; direct connection to microphone and earpiece 
- Low power consumption in standby mode 

- Low supply voltage (single supply 2.7 V up to 5.5 V) 
- CMOS technology 

- Minimized EMC on digital outputs 


Applications 

- Digital European Cordless Telephony (DECT) 
- CT2 cordless 

- Speech compression 

Package Outline 


SO28 (SOT136A) 
QFP44S14 (SOT205AG) 
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1.0 Block Diagram 


C.Lx 
VRe 


PCD5032 | sznanscer ‘ 


Recelye ——>- 


RAS 
RAD 


8 
cece 


TAS 
TAG 


RFM 
SDA 
SCL 





Fig. 1 Block diagram. 
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2.0 Pinning 


| 36| DCK 
35] ne 
34) CLK 


o8) WY a) 
< < <{ 
eo er @e 
“| IOT EQ] (Oy | ™ 


PCD5032 


44) REM , 
143] nc 
'42) RAD 


B2Z+ 
nec 
BZ- 
TST 


Nc 


QFP44S14 


RE+ 


ro} prof Prt pr] fr] Prop pro, |@Etp a] [a] | 
wy to] [om, [m] iw] [em] LO] OF L=] LYe| Le 
< 
Y” 
oO 





BIBIRIE 
bad . a —- _ 
© 
Cc 


SDA} 12| 
nc} 13 
AQ | 14 

TM+] 15 

VR- 

VR+ | 20 
ne} 21 
VG | 22 


ne = not connected 


Fig. 2a Pinning diagram PCD5032 QFP44S14 
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RPE 


RP} 
PO 


TPI 
TPE 


Scl 


SDA 


Fig. 2b Pinning diagram PCD5032 SO28 


PCD5032 
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2.1 Pin Description 


Pin Name 
General 

26 Vpo 
28 Vss 
22 VG 
20 VR+ 
19 VR- 
Diglitat 

34 CLK 
36 DCK 
41 RAS 
42 RAD 
4 RPI 
3 RPE 
44 RFM 
39 TAS 
37 TAD 
8B TP 
9 TPE 
6 PO 
12 SDA 
11 SCL 
14 AO 
1 RES 
30 TST 
Analog 

33 BZ+ 
31 BZ- 
15 TM+ 
17 TM- 
25 RE+ 
23 RE- 


(1) 
(2) 


(3) 
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Description 


Positive power supply (2.7V - 5.5V) 
Negative power supply (OV) 
Analog signal ground 


Positive reference voltage (1) 
Negative reference voltage (1) 
Clock input 

Data clock (ADPCM) 

Receiver ADPCM sync (2) 
Receiver ADPCM data input (2) 
Receiver PCM input (2) 
Receiver PCM output enable (2) 
Receiver fast mute (2) 
Transmitter ADPCM sync (2) 
Transmitter ADPCM data output (2) 
Transmitter PCM input (2) 
Transmitter PCM output enable (2) 


PCM data output 

l2C serial data input / acknowledge 

[2C clock input 

I2C address select pin 

Reset input (active high) 

Test mode _ (3) 


Ringer output 

Ringer output 

Transmitter audio input (microphone) 
Transmitter audio input (microphone) 
Receiver audio output (earpiece) 
Receiver aucto output (earpiece) 


Internally generated, Intended for electret microphone supply. 


Definition: Receiver = direction from ADPCM interface to earpiece; 


Transmitter = direction from microphone to ADPCM interface. 
To be connected to Vss in normal application. 
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3.0 Functional description 
3.1 Digital interfaces (see Fig.1 Block diagram) 
3.1.1 ADPCM interface 


The ADPCM interface pins (RAD, TAD) carry 4 bits of serial data. Transmit and receiver data 
both are controlled by separate synchronisation pins (RAS, TAS). 


Upon detection of a high RAS signa! (with rising DCK edge), the receiver will read 4 ADPCM 
bits on the next 4 high-to-low transitions of the DCK data clock. Likewise, upon reception of 
a high TAS signal, the transmitter will output 4 ADPCM bits on the next 4 low-to-high 
transitions of DCK. Figure 5 shows the timing diagram. During the time that the ADPCM 
data output (TAD) ts not activated, it will be in a high impedance state, enabling a bus 
Structure to be used in multi-line base stations. Input RAD has an internal pull-down resistor. 


The minimum frequency on the DCK input is fe_tx / 54, the maximum value equals the clock 
frequency, and any frequency in between may be chosen. The RAS signal controls the start 
of each conversion ina frame at an 8 KHz rate. The master clock ‘CLK’ must be locked to the 
frequency of ‘RAS’, with a ratio fo_x = 432 x fras. 


3.1.2 PCM interface 


To enable additional data processing in a base Station both transmit and receive linear PCM 
data pains are accessible. 


For the receive direction the PCM data is output on pin PO and read from pin RPI. For the 
lransmit direction the PCM data is output on pin PO and read from pia TPI. To enable bus 
Structures to be used in base stations the PCM output PO is in high impedance state when 
not active. Inputs TPI/RPI have internal pull-down. 


In a typical (handset) application pin PO is directly connected to RPI and TPI.If additional 
data processing ts required (e.g. echo cancellation fn a base-station), then a data processing 
unit may be placed between PO and RPI or PO and TPI. 


The data format is serial, 2's complement, MSB first. PO outputs 16 bits(14 data bits followed 
by 2 zeroes). TPI/RP! read 14 data bits. The bit frequency ts 3456 kHz (CLK). Data output PO 
changes on the falling edge of CLK, Data tnputs TPI/RPI are read on the rising edge of CLK 
(Figures 7,8). 


For interfacing to digital signal processors signals TPE and RPE (both active low) mark the 
position of the transmit and receive pcm data on pin PO (Figure 6). 
TPE/RPE change on the rising edge of CLK. 


Outputs RPE and TPE have tow impedance only from half a CLK cycle before to half a CLK 
cycle after the active state. The rest of the time they are in high impedance state. 

Thus a wired-OR configuration can be madé when only one DSP serial input port is used for 
reading both transmit and receive data. An external pull-up is required. 
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3.1.3 12C interface 


The Philips l2C interface is used for programming gain and mode of operation. 


BOG 


(Write-only) 
Fig. 3 l2C address 
With the address select pin AO it is possible to have 2 independently programmed ADPCM 
codecs in a base station {2 outside lines). !f more codecs are used in one base station then 
the address pin can be used as a ‘select’ signal. For timing of the !2C bus, see Philips 


Semiconductors’ brochure “The i2C-bus and How to Use It” dated January 1992, ordering 
code 9398 393 40011. 


Each function can be accessed by writing one 8-bit data word to the ADPCM codec. For this 
reason the 8-bit word is divided into 2 fields: 


bit7, bit6 =: function 
bitS to bitO : value/setting. 


Table 1: Overview of the l2C programming possibilities. 


Function 
OPERATION MODE 


RECEIVER CONTROL 


TRANSMITTER CONTROL | 4 


RINGER 
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TONE : 'tone/ringer selection for tone generator output; 


tones can be sent to ringer or receiver DAC. 
PON : power on (active) 
T1 - TO : test loops 
RG2 - RGO : receiver gain 
TG2 ~ TGO : transmitter gain 
RV2 - RVO : receiver volume 
BV2 - 8VO > tone volume 
BF2 - BFO : tone frequency 
ST1-STO : sidetone level 


Programming the ADPCM codec Is possible in active mode as well as in standby mode. A 
reset clears all 12C registers. 


3.1.4 Fast mute 


The RFM (Receiver Fast Mute) pin enables fast muting of the received signa! if erroneous 
data is present on the ADPCM interface. 


Muting is done in the same manner as the receiver mute via |2C bus.The input data of the 
ADPCM decoder is blanked, so that the ADPCM decoder output signa! goes to zero. To 
ensure immediate silence on the analog outputs RE+/RE-, the linear PCM input data of the 
receive filter is set to zero as well. 


If the mute signal is switched off again, then the ADPCM decoder output settles gradually 
from zero to the appropriate PCM signal favel. No audible cticks will occur. 


The sidetone level is not affected by the mute function. 
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3.2 Analog parts and [2C programming 
3.2.1 Input/Output 


The analog input pins (TM+, TM-) can be connected directly to a microphone. For electret 
microphones capacitive coupling is required (Figure 11). The earpiece must be a low ohmic 
device (>100Q differential). 


The microphone and earpiece amplifiers have the possibility of gain control via the l2C 
interface. Further the sending and receiving direction can be muted separately. Analog gain 
control for the receive path can be set in steps of 1 dB. Digital volume control can be set in 6 
dB steps. The following table gives an overview of the programming possibilities. 


Table 2: Overview of gain control options 


Function I2C-code description note 
Receiver gain Otxxx101 -3dB 
(relative) Oixxx110 -208 
O1xxx111 -1dB 
O01xxx000 0 dB default 
0O1xxx00 1 +10cB 
01xxx010 +20B 
O1xxx011 +30B 
01xxx100 +4dB 
Receiver volume 01000xxx 0 dB defaults 
01001xxx -60B 
01010xxx -12 dB 
O1011xxx -18 dB 
01100xxx -24 dB 
011014xxx -30 dB 
01110xxx -36 dB 
O11114xxx RX MUTE 
Transmitter gain 10xxx101 -3 6B 
(relative) 10xxx110 -26B 
TOxxx1 41 -{ 0B 
10xxx000 OdB default 
10xxx00 1 +1dB 
10xxx010 +20B 
10xxx014 +3 dB 
10xxx100 +4dB 
Transmitter mute = 10xx1xxx TX MUTE default off 
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3.2.2 Sidetone 


With the I2C interface the (local) sidetone level can be set to -12, -18, -24 dB, or switched off. 
See table 3. The sidetone level is independent of the receiver volume control setting. 
Table 3: Sidetone level options 


Function i2C-code description note 
Sidetone 1000xxxx ~- no local sidetone default 
1001xxxx level =-12 dB 
101 0xxxx level = -18 dB 
101 1xxxx level = -24 dB 


3.2.3 Tone generator and Ringer 


The PCD5032 contains a programmable tone generator which can be used for generating 
ringer tones (BZ+, BZ-) or local information tones in the receive path (RE+, RE-). 


By setting the TONE bit (b3) in the operation mode register the tone output will be directed to 
the receiver DAC, otherwise the tones will be sent to the ringer output stage. Table 4 shows 
the possible frequency and volume settings. 


Table 4: Tone output frequency / volume options 


Function i2C-code description note 
Volume (rel) 11xxx000 signal off default 
11xxx001 -29 dB sine wave 
11xxx010 -23 0B sine wave 
Tixxx011 -17 dB sine wave 
11ixxx100 -11 dB sine wave . 
11xxx101 - 5dB sine wave 
11xxx110 OdB sine wave 
11xxxi11 +4 dB squarewave 
Frequency 11000xxx 400 Hz 
11001xxx 421 Hz 
11010xxx 444 Hz 
11011xxx 800 Hz 
11100xxx 1000 Hz 
11101xxx 1067 Hz 
11110xxx 1333 Hz 
11111xxx 2000 Hz 


The ringer output (BZ) is differential and is intended for low ohmic devices. If the ringer is 
switched off then both outputs are low. The output signal is a pulse density modulated block 
wave (On a 32 kHz basic pulse rate) to generate a sinewave-like output signal, see figure 4. 
Volume is controlled by changing the pulse width of each pulse. In the square wave mode a 
full square wave is generated and results in the maximum volume. The volume settings (in 
dB) are given for the first harmonic signal component. 
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One period of a 1 kHz signal (0 dB) looks like this (V(BZ+) - V(BZ-)): 


001010111404 014 0 0 0 0-4 0-1 O-1-1-1-1 O-1 0-100 
JTuUuU UU | = 
UA 
“Vop 
Fig. 4 Tone output example 


3.3 Modes of operation 

The ADPCM codec has three modes of operation, a normal mode and two loop modes. See 
the table below for details on setting these modes. Also the standby and active mode are set 
via the l2C bus. 


Table 5: Modes of operation. 


Function I2C-code description note 
Standby mode OOxxx0Oxx power down default 
active mode OOxxx 1xx active 

set Normal mode O00xxxx00 normal operation default 
set Loop 1 OOxxxx01 loopback on ADPCM side and 


on PCM side without using 
ADPCM transcocer. 


set Loop 2 OOxxxx10 loopback of TM+/TM- to 
RE+/RE- through ADPCM 
transcoder. 


3.3.1Standby mode 


After a reset the ADPCM codec will by default be in standoy mode. All !2C settings will be 
cleared. PON=0 sets the codec in standby mode. In standby made all circuits are switched 

_ off, except for the I2C interface. Before going to standby mode the PCD5032 performs a reset 
of the ADPCM transcoder, digital filters and auxiliary logic functions. The [2C interface 
registers are not cleared. 
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3.3.2 Active mode 


PON=1 in the operation mode register sets the codec in active mode. 
In active mode the ADPCM codec can be operated either in norma! mode or 
one of the two test loops may be selected. 


3.3.3 Test loops 


he 


Both test loops can be used for test or evaluation purposes. 


Loop J is intended for testing the audio path and A/D, D/A converters, 

the ADPCM transcoder is not addressed in this mode. 

The ADPCM data Is directly jooped back towards the radio interface. The PCM data is 
looped from transmit filter output to receive filter input. 


Loop 2 is intended for testing the complete audio path including ADPCM encoding and 
decoding. 


3.3.4 Reset (input RES) 


Afier an external reset pulse the circuit will perform an internal reset procedure. The reset 
puise must be active during at least 10 CLK cycles. 125 us (one 8kHz period) after RES has 
gone low, the internal reset is completed and the PCD5032 goes into standby mode. 

At that moment the ADPCM codec is ready to be programmed. 


A reset clears all l2C registers and resets the ADPCM transcoder, Gigital filters and auxiliary 
logic functions. 
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4.0 Characteristics 
4.1 Maximum Ratings 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter min max unit 
Supply voltage Vpp - Vss -0.5 +6,5 V 
Voltage at any pin except Vop Vss -0.5 Vop + 0.5 V 
DC current through pin: 
Voo, Vss - 150 mA 
BZ+, B2- | - 150 mA 
RE+, RE- - 50 mA 
other pins - 10 mA 
Total power dissipation - 5006 mW 
Operating ambient temperature -25 +70 °C 
Storage temperature -65 +150 °C 
Handling 


Inputs and outputs are pratected against electrostatic discharge in normal handling. ESD 
protection according to Human Body Model is quaranteed up to 800 V. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handting MOS devices 
(see ‘Handling MOS Devices’). 


4.2 Electrical Characteristics 
Conditions: Vpp = 3.0 V, CLK = 3456 kHz 7 


Parameter min. typ. max. unit note 

GENERAL 

Operating temperature -25 25 70 °C 

Supply voltage 2./ 3.0 5.5 V 

Supply current Tamb = 25 °C 
-active (no joad) - 7 14 mA note 0 
-Standby - 20 8100 HA note 0 

Leakage current inputs - - 1 pA 

Analog ground 0.48 0.5 0652 xVoo 

Reference voliage VR+ 0.8 1.0 1.2 V note 1 

Reference voltage VR- -0.8 “10 +-1.2 V_ note 1 

DIGITAL VO 

Vin 0.7 - 1.0 xVpo note 2 

Vit 0 - 0.38 xVpp note 2 

VoL - - 0.4 V note 2 

Vou Vpp - 0.4 - Voo V note 2 

Pull-down resistor : 150 ; kKQ note 2 


DCK frequency fox / 54=64 - tek kHz note 3 
RAS. TAS frequency - 8 - kHz note 3 
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Electrical Characteristics (con't) 
parameter min typ max unit 
Iz?C Bus Timing 
SCL clock frequency : : 4100 kHz 
Tolerable spike width : “ 50 ns 
Bus free time . 4.7 - - ys 
Start condition set-up time 4.7 - - Us 
Start condition hold time 4.0 ; - Ls 
SCL LOW time 4.7 - - US 
SCL HIGH time 4.0 - - ys 
SCL and SDA rise time ; ; 1.0 us 
SCL and SDA fall time - 0.3 HS 
Data set-up time 250 ; - ns 
Data hold time ns 
Stop condition set-up time 4.0 - ys 
ANALOG INPUTS note 4 
TM+ / TM- input impedance - 125 - kQ note 5 
Nominal input level - 12 - MmVims note 6 
Maximum input signal - 56 - MVims note 7 
Min. voltage gain -4 3 -2 dB 
Max. voltage gain +3 +4 +5 d8 
Stepsize voltage gain - 1 - oB 
TX harmonic distortion - - -40 dB note8 
ANALOG OUTPUTS 
Receiver audio output: 
- output impedance 10 O note 5 
- Signal level at O dBm» 550 MVims  motey 
- Signal level at 3.14 dBmag 1250 MVims note 10 
- min. gain -4 -3 -2 oB 
- Max. gain +3 +4 +5 dB 
- gain step size - 1 - dB 
- volume contro! range ~36 ; 0 dB 
- volume stepsize - 6.0 - oB 
- RX harmonic distortion ; - -40 dB ionote 11 


Philips Semiconductors RF Communications Products Preliminary specification 


ADPCM codec for digital cordless telephone PCD5032 


Electrical Characteristics (con't) 


Parameter min. typ. max. unit note 
Ringer output: note 4,12. 
-Output impedance - 14 29 Q 
-volume control range -29 - +4 cB 
FILTER dB 
CHARACTERISTICS 
Transmitter: 
-Passband ripple - 0.5 dB 300 - 3000 Hz 
-Frequency response 
f= 50 Hz -35 dB 
f = 3400 Hz -2 dB 
f = 4600 Hz -35 dB 
{= 8000 Hz -55 dB 
Receiver: 
- Passband ripple 0.5 dB 300 - 3000 Hz 
~ Frequency response: 
f= 50 Hz -35 dB 
f = 3400 Hz -2 cB © 
f = 4600 Hz -35 dB 
f = 8000 Hz -60 dB 


ANALOG TO DIGITAL 

CONVERTER : 

Signal to noise ratio (Fig. 12) 35 dB note 5,13 
DIGITAL TO ANALOG 

CONVERTER 

Signa! to noise ratio (Fig. 12) | 35 dB note 5,13 
GROUP DELAY 

Transmitter 400 ps note 14 


Receiver 525 us note 14 
GROUP DELAY 


DISTORTION 
See Fig. 9 
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Notes to the characteristics: 


General: »* +3.14 dBm0 is the maximum signal level on the PCM interface. 
« Specifications are valid in aclive mode (except standby current). 


0. [pp active measured with all inputs to Vss, except CLK, DCK connected to 3.456 MHz, 
and RAS, TAS connected to 8 KHz. Ipp standby measured with all inputs connected to 
Vgs, except TMP, TMM left open. All outputs left open for both cases. 

1. The ref. voltage is available on VR+ and VR- and Is measured with respect to VG. The 
voltage outputs are intended for electret microphone supply, and can deliver 400 pA. - 

2. Digital inputs and outputs are CMOS-levels compatible. The outputs can sink or source 
1 mA. Pulldown resistors are present at pins RPI, TPI, TST, RAD. 

3. Any frequency between min and max is allowed for DCK. The signals CLK and 
RAS/TAS must be frequency-locked, and wil! have a ratio fork / fras = 432. 

4. All analog input/output voltages and impedances are measured differentially. 

The circuit is designed for use with an electret microphone. 

S. Frequency band is 300 Hz - 3400 Hz. Maximum load capacitance = 100 pF 
differentially, of 200 pF each pin. 

6. Nominal signal level gives -10 dBm0 on the PCM interface (G.711/G.712). 

Value given for TX gain setting 0 dB. 

7. Maximum signal Jevel gives +3.14 dBm0O on the PCM interface, with larger input signals 
the digital output signal will be saturated. Value given for TX gain setting OdB. 

8. TX gain setting = 0 dB and input signal level 40 mVrms (will generate 0 dBm0 signal 
level on PCM interface according to G.711). 

9. PCM signal level is 0 dBm0 and RX gain setting O dB. With a load of 300 between 
RE+ and RE- the given signal level results in an output power of 1 mW. The maximum 
output current is 10 MA. 

10. PCM signal Sevel is +3.14 dBm0 and RX gain setting +4 dB. The maximum output 
current is 10 mA. - 

11. PCM signal level is OdBmO (G.711). 

12. For maximum output power the load resistance should equal the typical output 
impedance (specified at lbaq = 20 MA). The minimum load resistance is limited by the 
“Maximum Ratings”. 

13. Measured with psophometric fiiter (CCITT G.223). 

Only fulfilled at Vop noise level smaller than 40 mVp (0 - 20 kHz). 
Measured on sample basis at Vpp = 3.0 V, temperature = 25 °C, compliant with G.712. 
Signal level is -40 dBm0 on PCM interface (0.4 mVrms on analog Input). 
Gain setting is 0 dB. 
14. Group delay includes ADPCM / PCM conversion; signal frequency = 1.5 kHz. 
Figure fs given for RAS/TAS signals at the same moment. 
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5.0 Timing Dlagrams 
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Fig. 5 ADPCM timing 
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Fig. 6 PCM timing 
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Fig. 7 PCM output timing 
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Fig. 8 PCM input iiming 
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6.0 Application Information 
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Fig. 10 Typical block diagram for a DECT handset. 
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Fig. 11 Typical handset application diagram for the PCD5032. 
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The PCD5040 DECT Burst Mode Controller (BMC) is a custom IC that performs the DECT Physical Layer and 
Medium Access Control Layer (MAC) time critical functions for application in OECT handset and base station 
products which comply to the following standards (+ updates): 


¢ DECT Cl part 2: Physical layer (DE/RES 3001-2) 

« DECT Cl part 3: Medium Access Control layer (DE/RES 3001-3) 
* DECT Cl part 7: Security features for DECT (DE/RES 3001-7) 

- DECT Cl part 9: Public Access Profile (DE/RES 3001-9) 


The BMC is designed to be connected to a ADPCM codec (PCD5032) and a 8051-type microcontroller - 
without glue logic. Other codec's and microcontrollers (e.g. 68000-family) are also supported. Four versions of 
the BMC will become available. The PCD5040 will have a RAM memory containing the BMC firmware, while the 
PCD5041, 5042, 5043 have a ROM instead. All versions have the same pinning. ROM versions will also be 
available in SQFP-80. 


Features 

- An embedded RISC controller (PCC) with 4 Kbyte (RAM / ROM) program memory for implementation of Traffic 
Bearer Control (TBC), MAC message handling, scanning, and the general control of the BMC hardware. 

- PP & FP modes. 

- TOMA frame (de)mulliplexing. 

- Encryption. 

- Scrambling. 

- CRC generation and checking. 

- Beacon transmission contro! (P00 packets). . 

- Switches up to12 simultaneous active speech channels from speech interface to 1152 kb/s. radio interface, 
and vice versa. 

- RSSI measurement with on-chip peak/hold detector and 6-bit A/D converter. 

- Local call switching for up to 6 internal calls on RF side / local call switching on speech side. 

- Qualify control report. 

- Digital Phase Locked Loop. ' 

- Synchronisation (handset to active bearer, base station to cluster of RFP's). 

- Seamless handover procedure. 

- Fast (hardware) and slow (software) mute function. 

- 1 kbyte extended RAM memory for the handset mode. 

- On-chip crystal oscillator (13.824 MHz). 

- Programmable microcontroller clock frequency. 

- Programmable interrupts. 

- Watchdog with two programmable timeouts 

- Low power consumption in standby mode. 

- Low supply voltage (2.7V-6V). 

- SACMOS technology. 


Interfaces to: 
- Up to 2 ADPCM codec's in a simple base station (with up to 2 analogue lines) and in the handset mode. 
- 2048 kb/s highway interface for systems requiring more than 2 connections to the network. 


- A fully decoded radio interface including power down signals. 
- 80C51-type microcontroller, or a 68000-type microcontroller. 
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1.0 BLOCK DIAGRAM 
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Fig. 1: Block diagram PCD5040 / 41 DECT Burst Mode Controller 
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2.0 PINNING 
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PIN NAME 1/0 DESCRIPTION 

22 WRN ! write (active low) 

1..8 ADO..7 YO Address/Data bus 

13..11 A8..10 i Address bus 

10 CSN j Chip Select (active tow) 

24 INTN O Interrupt (active low) 

23 RDYN O Ready signal (active low), to initiate watt states in the 

< microcontroller 

54 R_ENABLEN O Receiver Enable (active tow) 

$5 R_POWER_DWN O Receiver Power Down 

56 SLICE_CTR O Slice Time Constant control 

53 R_DATA | Recewve Data 

34 T_ENABLEN OQ. Transmitter Enable (active low} 

35 T_POWER_RMP O Transmitter Power Ramp control 

47 T_DATA 0 Serial output data to transmitter 

33 ANT_SW O Selecis one of two antennas 

44 S_POWER_DOWN O Synthesizer Power Down control 

46 1200_HZ O Contro! signal for dual synihesizer schemes 

45 VCO_BND_SW O VCO bandswitch control signal 

43 S_DATA O serial Gata to the synthesizer 

42 S CLK O clock signal, to be used with S_ DATA. 

41 S_ENABLE oO Synthesizer enable 

37 SYNTH_LOCK I Lock indication from synthesizer 

39 REF_CLK O Reference Frequency for the synthesizer, te. the crystal 
oscillator clock Felk. 

50 RSSI_IN Analog signal (for basic DECT systems}, peak signal strength 
measured after a low_pass filter. 

36 RMT_STAT | Serial 8 bit data can be read in for each slot. REMote radio 
STATus 

59 VREF ( Reference input for the A/D converter 

25 CLK100 O 100 Hz frame timer output 

61 SYNCPORT VO in the base station the signal is the SYNCPORT 
input/output. 11 is an oulpul in a master base station, input in 
a slave base Station, according to annex C, DECT Cl 
specification pan 2. The SYNCPORT signal is not active in 
the handset. 

62 M_RESET I BMC master reset signal 

64 EN WATCHDOG Enable waichdog inpul. When HI, the watchdog timer at the 
BMC is enabled 

20 RESET OUT O Watchdog timer output; intended to reset the external 
microcontroller when expired. 

NOTE : ALL signals, which are input or VO, and which can be floating, need to be pulled-up/down, in 
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order to protect the BMC against cross-current. Exception are VREF and RSSt_AN, which 
do not have to be protected. 
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3.0 INTRODUCTION 


The DECT Burst Mode Controller (BMC) is a custom IC, that performs the DECT Physical Layer and Medium 
Access Control Layer (MAC) time critical functions, for application in DECT handset and base station 
products, that comply to the following standards (+ updates): 


- DECT Cl pan 2: Physical layer (DE/RES 3001-2) 

- DECT Cl part 3: Medium Access Control layer (DE/RES 3001-3) 
- DECT Cl part 7: Security features for DECT (DE/RES 3001-7) 

- DECT Cl part 9: Public Access Profile (DE/RES 3001-9) 


The BMC is designed to be connected to the ADPCM codec (PCD5032) and a 8051-type microcontroller 
without glue logic. Also other codec’s and microcontrollers (e.g. 68000-family) are supported. 


Two versions of the BMC will become available. The PCD5040 will have a RAM memory, containing the BMC 
firmware, while the PCD504x have a ROM instead. All versions will have the same pinning. The firmware is 
used by the intemal RISC processor, and is a part of the product. The product is described in two parts: 


Part: DECT Burst Mode Controller hardware (this document) 
Part2: DECT Burst Mode Controller firmware 


BMC Driver 


BMC Firmware BMC Hardware 
Part 2 Part 1 





Figure 3: BMC document description 


NOTE: This specification contains advance information and is subject to 
change without notice. Furthermore, this specification is valid 
for BMC versions from PCD5040-2 on. 
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4.0 FUNCTIONAL DESCRIPTION 


The basic philosophy around the BMC implementation is to have a few dedicated hardware blocks 
containing togic for time critical functions (with bit/byte time accuracy); all other functions (with slot time 
accuracy) are contained in a small programmable core, the Programmable Communication Controller (PCC). 
This approach offers maximums flexibility during prototyping. . 


The block diagram of the BMC is shown below. In the following sections, the functional blocks and {he 
internal bus are described. 


Internat BMC Bus 


To CODEC’s / Speech 
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incl. Clock 
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Programmable 
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PCC Program 
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Figure 4.1: Internal Bus with main Functional Blocks 
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4.1.Internal Bus 
4.1.1. Function of the Internal Bus 
The function of the Intemal Bus is: 
- to provide access for all functional blocks to the common Dala Memory, 
- 10 provide access tor the C-Interface block and the Communication Controller (PCC) to all other 


functional blocks. 


All functional blocks (speech, RF, cipher, -Controller, PCC) can aulonomously use the internal bus to 
communicate with the common data memory. 


A bus controller is used to handle the bus priorily mechanism. When several blocks request access 
simuhaneously, the request with the highest priority is handled first, 


4.1.2. Data Memory 


A large part of the data memory is used for the bit rate adaptation between the DECT radio interface and the 
speech interface. 


In a handset, the BMC uses only 1 kbyle of the common data memory. The remainder (1 kbyte) can be used 
by the p-coniroiler as an extended dala memory for ihe higher layer software. The j1-controller is not aware of 
the fact, that it is sharing the memory with (he BMC; the ,-controller interface plus the common data memory 
behave as a standard RAM device, from the u-controller point of view. In the base station, the BMC will use 
ihe full common data memory, 


The data memory is also acting as the main communication interface between extemal micro-processor and 
PCC. The format of data structure is described in part 2 :‘DECT Burst Mode Controller Finnware’. 
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4.2. Clock Generation and Correction 


The BMC has an on-chip 13.824 MHz crystal oscillator. From this source, a few frequencies are derived tor 
internal and external use. Frequencies generated for extemal use are: 


- 13.824 MHz for the synthesizer reference (pin REF_CLK), which is only running if the 
synthesizer is not in power down mode (pin S_POWER_DWN). 
- 0.144-13.824 MHz for the p-controller clock (pin PROC_CLK). 


- 3.456 MHz for the ADPCM codec (pin CLK3) 
- 1200 Hz for dual synthesizer switching 
- 100 Hz indicates start of frame 


Nominally, the frequency on pin CLK3 is 3.456 Mhz. This frequency is divided from the crystal (divide-by-4). 
Bul sometimes, it will be divided by 3 or by 5, to synchronise the combination of the ADPCM codec and the 
BMC to an extemal source. Applications in which the BMC can be synchronised are: 


- handset : the incoming radio channel, using the ‘stot synchronisation’ event of one aclive 
channel, so the handset is locked to one base station. 


- master base stalion: The master base station is providing a 100 Hz signal to slave base stations on pin 
SYNCPORT. If the BMC is connected to a digital interface (32-stot mode speech 
interface), the external synchronisation will be done an the incoming 8 kHz signal. 
if ft is connected to an analog ltne (12-slot mode speech interface), it will use its 
own crystal oscillator as reference. 


- Slave base station : The slave base station will use the incoming SYNCPORT signal as synchronisation 
reference. 


Each of these three application area’s define their own ‘sync’ event for adjusting the internal timing of the 
BMC (see section 5.5) 


“— 


13.824 Miz Syetem ctock 


6.912 MHz ayatem clock 









‘clock’ corrections in thin level 





3.456 MHz eyetern 
clock for PCO5032 
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Figure 4.2: internal clocking scheme of the BMC 
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4.3. Programmable Communication Controller + Program Memory 


4.3.1.PCC 


The PCC is a RISC type controlier and is used to conirol BMC functions, which are stot time accurate. {t is well 
suited for bit manipulation, and uns at a clock frequency of 6.912 MHz (3.4 Mips). After having finished 
execution of a task, it switches to a power Saving state, from which it returns after a pre-programmed time. 


4.3.2.Program memory (PCD5040 only) 


The PCC will fetch ffs program from a RAM memory, which is downloaded by the microcontroller during 
inilialisation of the BMC, to atlow maximum flexibility, with respect to: 

- application area of DECT, ; 

- parts of fhe MAC specification which are still to be evaluated, 

- future radio architectures (zero-IF}, 

- flexibility 10 control different synthesizers, 


To start the download procedure, the pt-Controller selects one of the two PCC program banks by writing {he 
uc Interface Mode register. When MEM_SEL (pin 63) is made high, a memory bank is connected to the 
external address bus. The microcontroller will use the 2 kbyte BMC addressing range, to fill a Program 
Memory bank. Hereafter, MEM_SEL is made fow, so the microcontroller can have normal access to the 
internal bus again. The same procedure is repeated for the second bank. The MEM_SEL pin must be kept 
H! during an internal bus transfer, because it is not latched internally. 


Mem nisali 


PCC program memory is 4 kbytes, organised as 2 blocks of each 2kbyte. The PCC can read them in parallel: 
in this way it reads one word at a lime with the LO byle coming from Bank 0 and the HI byte coming trom 
Bank 1. The yC-interface can read and write only in bytes. If Bank 0 is selected, the least significant byles are 
addressed. If Bank 1 is selected, the most significant bytes are selecied. See figure 4.3. 






Hi bytes LO byles 
uC byte 2047 most significant least signiffcant PCC word 2047 
{HI of LO) 
I ( 
i 
| 
| 
1 RAM RAK 1 
( 
( vnece cre 2 ees mee_ro ) PCC address space : 
1 kbytes. 2045 Bytes 2048 Bytes i 2 kwords 
| 
l 
l 
| f 
| 
| I 
pC byte 0000 
(Hl of LO) PCC word 0000 
uc download pc downtoad 
bank 1 bank O 


Figure 4.3: organisation of he PCC memory 
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4.3.3.PCC tunctlons 
. Most important functions of the PCC are to: 


- perform the appropriate actions on received messages, such as: dentity checks, N7.check procedure, 
TBC-handiing, and thus also to; 

- prepare A-field messages for transmission, 
- prepare the RF-intertace for tte coming shkt, 
- perform the procedures for RSS| and set-up scan, maintaining scan counters and timers, assembling the 
RSSI field in the common data memory. 

- filler events, and indicate them to the microcontroller (interrupt). 


A complete description of the functional behaviour of the PCC program can be found in pan 2 : DECT Burst 
Mode Controller Firmware. 


4.4. Speech interface 
4.4.1. 12-Stot Mode 


The 12-slot mode is selected, if 1 or 2 ADPCM codec(s} are connected to the BMC, where the BMC is the 
masier of hese codec’s. In the handset, this is always the case. Also in simple base slations, which are 
connected with 1 or 2 analogue lines to Ihe public network. Each codec is connected with a separate 
framing reference signal (FS1,FS2) to the BMC. Only two framing signals of the 12 are decoded extemally. 
No interlace logic is needed when using the PCDS032 ADPCM codec. 


An indirection table is used, to delermine (for reception and transmission) where to store/fetch speech data. 
The hardware speech-intecace is capable lo address the right speech buffer for the relevant speech slot, 
and will maintain a counter, carrying the offset to the fetched address. 


4.4.2. 32-Slot Mode 

The 32-slot mode is used {o connect the BMC fo a digital interface, with a 2Mb/sec interface. Up to 12 of the 
possible 32 slols on this inteflace can be used. The same indirection table, which is used in the 12-slot 
mode, is used for the 32-slot mode. 

4.4.3. Muting 

Oue to various reasons the quality of the incoming speech dala may be degraded significanily. By muting 
the speech data, these disturbances are not {or less) audible to the user. Two types of muting are 


distinguished by the BMC: 


- fast muting 
- Slow muting 


Fast muting, which is performed by the BMC automatically, Is nothing more than a repetition of ihe 
previously received frame (80 speech samples) to the ADPCM codec. It is issued if no Sync word was 
detected. 


Slow muting is issued by the p-controfler, after having detected a degradation of quality. A slow mute is 
implemented as a continuous -0000' nibble transmission to the ADPCM codec, until stow mute Is released. 
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4.4.4. local call 


A local calf option is implemented, in order to loopback data from one codec to another codec, and vice 
versa, as illustrated below. 


pe] LSS 


— ie — — 
_—_— — 


cs 


Speech Slots 


Speech Butter 
Palr 


Figure 4.4 Local call switching on the speech-interlace 


4.5. RF interface 


Most of the functions, performed by the RF interface, are under control of ihe PCC. Especially the 
processing of non-speech data, programming of functions and registers, is done via (he PCC. 


4.5.1. Serial Receiver Rs 


The seria! receiver processes the data, which comes from the radio head, and which is already filtered by the 
synchronisation part. The data is latched, using the recovered data clock. 


The Serial receiver will collect ihe complete A-field and B-field, and store it in the common dala memory. 
Before the A-field is received, {he A-field slart address is programmed by the PCC. Upon reception of A-field 
nidbies, the address is updated by the serial receiver. Meanwhile, the PCC will program the B-field start 
address. 


In figure 4.5 the data flow in the serial receiver ts shown. The state machine, controlling the events and the 
Gata flow is not shown. Note that almost no decoding of messages ts required. Only the header of the A-field 
needs to be decoded to check 4 a Cs message is received or transmitted, which requires {he ciphering to be 
swilched on also in the A-field 


4.5.2. Serial Transmitter 


The serial transmitter structure performs the reverse functions, compared to the receiver. Several blocks, 
used in the receiver, are also used in the transmitter. Amongst these are the CRC-generators, the 
scrambler, and the address registers. Figure 4.6 shows the serial transmitter structure 


By transmitting ihe X-CAC twice, the Z-field is transmitted. The handling of the address registers is the same 
for the transmiiier. Transmission of the synchronisation sequence (S-tield) is done using the same method 
as the A-field and B-field. The S-tield is stored in the common dala memory, and will be fetched by the 
transmitter, just before transmission. 
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Not shown in the diagram, is that in the handset the data in the senal transmitter may be advanced by a 
programmable number of bit periods. This is done to compensate for the delay in the radio head. 


Furthermore, the transmitted data can be inverted (using a switch in the BMC mode register), in order ta 
connect the BMC to VCO's requiring a negative modulation. 


4.5.3. Seamtess Handover 

Seamless handover guarantees that when the transfer of the speech iniormation changes from one slot to 
an other, no speech samples are lost, added or displaced. Seamless handover is guaranteed by the | 
following measures in the design of the Rx and Tx blocks in the RF interface: 

- By using a lookup table, containing the correct stant addresses of the B-fields in the data memory. 


- The RF receive and transmit blocks will move and fetch data tofrom the data memory block in 4- 
bit nibbles. 


DATA MEMORY 
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Parallel 
DE-CIPHER 
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Figure 4.5 serial receiver structure 
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Figure 4.6 serial transmitter structure 
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4.5.4. RF Contro! Signals 


The timing of the control signals to the radio head is fixed, but such that an RF delay between 1.5 and 7 ps 
can be tolerated (see section 5.3.2 for details). Only ihe transmitter ramp signal and the synthesizer enable 
are programmable wihin certain limits. 


4.5.5. Synthesizer Programming 


To program a synthesizer, a 3-wire serial interface is used. The signals on this imerdace are: 


-S ENABLE (enable) 
-S CLK (clock) 
-§ DATA (data) 


To program various types of synihesizers, a 3-byte shift register is present. Three data formats are 
supporied: 8,16 or 24 bit words can be selected. The transfer of data from a frequency table in ihe common 
data memory to the shift register is under contro! of the PCC. 


4.5.6. RSSt Measurement 

The RSS| measurement in the BMC RF-interface biock is done in 3 parts: a peak/hold detector, a 6-bit AYD 
converter, and an RSS| control block, which controls the peak/hold delecior and the A/D converter. Once per slot 
lime, a sample is fetched by the PCC, and saved in the appropriate area of the common dala memory. 

If the radio receiver is active in a particular time slot, the RSSI value will automatically be measured in that slol. 


Adjustment to the RSSI_AN input level can be made with VREF. 
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Figure 4.7 RSSI measurement path 
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4.5.7. Local call switching 


The BMC provides a focal call switching function in the base station. It will store incoming speech nibbles in the 
common data memory, in the area reserved for that particular receive slot. Then, during the transmit phase, it will 
pass to the transmit block, the start pointer of the same data memory area. Thus, the speech data is echoed to the 
other user (see illustration below). To handle quality degradation during local calls, a mute can be performed at the 
RF side of the speech buffer. 


RF Slots 


Speech Buffers 
in Data Memory 


Figure 4.8: Local call switching on the RF-side 


4.5.8. Data synchronisation 


The data synchronisation is done in 2 phases: 
- bit synchronisation 
- sync word detection 


Bit synchronisation is done using a Digital PLL (DPLL), with an oversampling factor of 12, i.e. the DPLL is running 
on a frequency, which is 12 times the data rate. 


Sync word detection is achieved by checking the incoming data pattern with the expected synchronisation field 
pattem, using a correlator. The correlator has a programmable threshold, so it can accept bit errors in the sync field 
pattern up to the threshold level. Furthermore, the correlator window is programmable. This means, that only 
during a certain period (the time window), a “SlotSync' can be detected, indicating the slot synchronisation event. 


The flow of the signals in the synchronisation part is shown in figure 4.9. Note, that in the base station the inverted 


data bits are shifted into the register. This is done, because the synchronisation field pattern is inverted for the 
base station, compared to the handset. 
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Figure 4.9: schematic of the receiver synchronisation part 


The ‘OPLL_sync’ indication should only be used, when “SlotSync' is active. {t indicates that the tast 4 bits of the pre- 
amoble field (the training sequence) are received correctly, and thus indicates that the DPLL was in lock 
(synchronised) in time. If the “SlotSync' is active, and the ‘DPLL_sync’ is not, then a sliding interferer might have 
been detected. 


If “SlotSync’ is not detected, effectively no data is received in that slot. This implies a “fast mute” because speech 
data received in the previous frame is not destroyed. 


4.5.9. Ciphering Machine 


The description of the cipher machine is subject to confidentiality. The specification of its algorithms are delivered 
by ETSI after a Non Disclosure Agreement. 


The cipher machine is under control of the TBC, which is implemented in the PCC. The cipher machine generates 
2 fields of ciphering bits: | 

- A_cipher (40 bits) for A-field messages (Cs tail ONLY !!) 

-B cipher (320 bits) for speech in B-field 


The transmitted ciphered bits are then: 
- A_ciphered ‘= A XOR A cipher 
-B ciphered := B XOR B_cipher 


On reception by the peered endpoint, deciphering consists of the same operation thanks to the synchronous 
generation of A_cipher and B_cipher. 
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The cipher machine is time-multiplexed on a slot basis. Initially, the Initialisation Vector (IV) and the key must be 
loaded into the cipher machine. Transfer of the IV and key from the common data area to the cipher machine is 
done automatically by the cipher machine. The contents of the memory space where IV and key are found, are the 
responsibility of the PCC, and the external pC. 


A_Cipher 
(40 bits) 
CIPHER 
MACHINE 
B_Cipher 
(320 bits) 





Figure 4.10: Cipher machine plus its sources 


4.6. Microcontroller tnterface 
4.6.1. Function of the Microcontroller Interface. 
The microcontrofler Interface will provide the following services. 


- Direct interface to processors which have an INTEL-8051 compatible interface. 

- General interface to processors that can handle ‘wait states’ e.g. 68000-family. In this case glue logic is required. 

- Processor clock signal of which the frequency is programmabie in order to adjust instantaneously processor 
performance to processor work load. 

- Aprogrammable interrupt register 

- Awatchdog timer with timeout periods of 1.25 or 82 seconds, depending on the programming. 


The 1C can address the BMC as any other RAM memory connected to the uC bus. By writing the ‘Interface-Mode 
Register’, the nC can select the interface mode and it's own clock frequency. 


4.6.2. Microcontroller Interrupts. 


The function of uC Interrupts is to make optimal use of the j-controllers processing power, and to achieve optimal 
cooperation between time-critical tasks and less time-critical tasks both executed in software. Three registers are 
available to handle interrupts. These are: 


- Interrupt Event Register 


- Interrupt Enable Register 
- Interrupt Reset Register 
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These registers are to be regarded together. Corresponding bits in these registers relate to one and the same 
event. Bits in the Interrupt Event Register are set by the PCC and are to be reset by the external processor by 
writing ‘1's in the correponding bits in the Interrupt Reset Register. The mask in the Interrupt Enable Register 
enables the interrupt if corresponding events do occur. 


4.6.3. Watchdog 


The BMC is equipped with a watchdog timer, which generates a reset towards an external device (e.g. a iC) after 
timeout. Two (fixed) timeout periods can be programmed; 1.25 sec and 82 sec. The watchdog function can be 
disabled by using the EN_WATCHDOG input pin. 


4.7. Power Down 

The PCC may switch off the 6.912 MHz internal clock, to enter a power saving mode. All blocks, running on this 
clock are then switched off (i.e. RF-interface, cipher block, speech interface, PCC). This ts called the power down 
State, and is only used in the handset mode. 

The 13.824 MHz clock is never switched off. The Timing Control, pC interface, and Bus Controller keep running, in 


order to remain synchronous with a base station, and to keep the wake-up Circuitry active. During power down the 
external 1C has still access to the common data area. 
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General Information 


The baseband interface circuit pcd5071 is a fully CMOS IC. The baseband interface modulates the incoming data bits 
at arate of 270.833 kb/s to Gaussian shaped Minimum Phase Shift Keying (GMSK), In phase () and Quadrature (Q) 
componcnits. The I and Q components are derived using a digital filter. The filter uses four symbols and 8 times over- 
sampling of each symbol. Two 10 bit DAC’s and analog filters complete the signal path. A symmetrical buffer 
driver allows direct connection of the differential I and Q outputs to a mixer converter in the Ri part, converting the 
generated I/Q baseband signals directly to 900Mc frequency without additional filtering. 


In the receiver part this pcd5071 deimodulates the incoming 10.70 Mc IF data into 7 bits and Q components. Sam- 
pling the incoming IF frequency in phase and with a 90 degrees phase shitt makes it possible to regenerate digilally 
the I and Q components. The receive clock is derived from the 13 Mc master clock input by a PLI., which is parlly 
integrated on chip. Optionally, the sampling scheme also allows to sclect between additional processing of Tand Q, 
i.c. derotate on minus 90 degrees phase shift per symbol, derotate on plus 90 degrees phase shift per symbol or no 
derotate . When using derotate on it can be shown that the [and Q output components are approximated by amplitude 
modulated signals, which cases the DSP equalizer tasks. 


Features 


0 GSM GMSK baseband modulator / demodulator 

o Single interface circuit between Radio frontend and Baseband DSP 
oO Full CMOS, single S V supply 

o Dissipation during active call in average less than 40 mW 

© Power down mode 

oO Demodulates and derotates from a standard UF? frequency; 1O.70Mc 
0 Programmable derotate function 

oO Auto-adjusting DC-offset to control carrier suppression 

oO Auxillary 10 bIL DAC for VCXO control 


ulck reference data 


Parameter min typ Imax unit 
Vdd DC power supply 4A.SV SV a V 
Idd max total power 38 mA 
Transmitter 7.0 mA 
Receiver 30 mA 
Standby mode 4 nA 
Power down mode iQ uA 
‘Tanb ambient temperature -25 +70 C 
VQ symmetrical outputs I Vpp 
REIN input frequency 10,70 MIitIz 
Ordering and package information 

typenr pins package matenial code 
ped5071 44 QEP44SL plastic SOT307B .t 


Application information 


oO Interface circuit between baseband processor and GSM REF frontend. 
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pced5071 Block Diagram 


Clocks ‘The transmit section (upper section in the block diagram) uses a 13/6 Mhz clock. The receive section uses a 
43 Mhz and a 4.3 Mhz clock. A PLL, part of which is implemented on the chip generates the 43 Mhz clock from 
the 13 Mhz system clock.An external loop-filter and VCO are needed to complete the PLL. 


Transmit Blocks GMSK-mod and GMSK-rom generate digitally a GMSK modulation scheme with 
BT=0.3, as specified in the GSM recommendations 5.04. The differential encoding of the data-bits is also 
included in this block. The codes from the ROM are converted in two 10bit DAC’s and filtered in two 3rd 
order equiripple delay filters. Both I and Q values have differential outputs. 


Receiver the [F-signal is sampled by a 7 bit analog to digital converter. The output values are then processed ina 
decimating filter consisting of a sign-converter, a 12 bit full adder and two 12 bit registers. ‘The resulting 

values for I and Q are serially transmitted to the outside world. Exact iming for ADC sampling, very important 
for the demodulation function, is supplied by the RX-cntl block. 


Offset control A three-wire serial bus is used to clack in two offset correction values, which will be fed into two 6 
bits DAC’s. The DAC’s signal is fed into the filter to obtain a zero-offset output signal. 


Auxdac The same serial bus is used to feed a 10bit DAC with its value. This analog signal is used to control the sys- 
tem’s main 13 Mhz reference clock. 


ped5071 Pinning diagram: 


~ 





AUXDAC. semeg Cix 
RCI meat Drx 
MSt DI 
MSO TXEN 
RC2 DO 

VDDA VDDD 
RFAD pp Saws | MCK 
REIN mass Lama 4=VSSD 
CURAD gas COX 
VSSA youl Lexa XIN 
TB_O prea Rome = RCK 


All ground pins ( Vss, Vssa & Vssp) are connected on chip. 


Package: OFP44SL (SOT307B 4), 44-pin small quad flat pack 
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-d5071 Pin 


1- AUXDAC 
2-RC1 

3- MS1 
4-MS0 

5- RC2 

6- VDDA 
7- REFAD 
8- RFIN 

9- CURAD 
10-VSSA 
11-TB_O 
12-TB_1 
13-TB_2 
14-TB_3 
15-TB_4 


~ 16-TB_S5 


17-TB_6 
18-TB_7 
19-CURPLL 
20-VSSP 
21-PH 
22-VDDP 
23-RCK 
24-RXEN 
25:COX 
26-VSSD 
27-MCK 
28-VDDD 
29-DO 
30-TXEN 
aD 
32-DTX 
33-CIX 
34-STROBE 
35-CLOCK 
36-DATA 
37-PD 
38-IM 
39-IP 
40-TMO 
41-1M1 
42-0M 
43-QP 
44-REFDA 
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PCD5071 


ription 


Voltage output of auxiliary dac. 

Extemal calibrating resistor for filter tuning. Nominally 20K ohms. 
Derotation mode select input. 

Derotation mode select input. 

Filter calibrating resistor: connect between RC1 and RC2. 


Analog power supply. 


ADC reference output, 2.5 V. Connect a 100nF capacitor between REFAD and VSSA. 
Receiver input, connected to the IF output from the frontend. 
ADC Bias control input, nominally 10Q0uA. Use a 27K pullup to VDDA. 

Analog ground. 

Bidirectional testbus. Used in scan, DAC and ADC tests. 

Bidirectional testbus. 

Bidirectional testbus. 

Bidirectional testbus. 

Bidirectional testhus. 

Bidirectional tesibus. 

Bidirectional testbus. 

Bidirecuonal testbus. 

Current control input for PLL, nominally 16 uA. Use a 190K pullup to VDDP. 

PLL chargcpump ground. 

PLL chargepump output. 

PLL chargepump power supply. 

43 Mhz clock input. reduced swing. 

Receive burst enable, active low. 

Clock output for received data. (f= MCK/3) 

Digital ground. 

13 Mhz clock input, reduced swing, 

Digital power supply. 

Receiver data word output. 

Transmit burst enable. Active low. 

Transmitter data input, 

Power amplifier control output. Used to suppress transmitting during speech pauses. 
Clock output for transmitted data, This is a 271 kHz signal to the DSP. 

Serial interface strobe, active low. 

Serial interface clock, pasitive edge triggered, 

Serial interface data input. 

Power down input. When high, chip will enter power-down state. 

In phase component of transmitted signal ( differential) 

In phase component of transmitted signal. 

Test mode selection pin. 

Test mode selection pin. Connect both to ground for nonnal operation. 

Quadrature component of wansmitted signal ( differential ) 

Quadrature component of transmitted signal. 

DAC reference output, 2.35 V. Connect a 100nF capacitor between REFDA and VSSA. 


All ground pins ( Vss, Vssa & Vssp ) are connected on chip. 
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Devi ‘rational modes 


Table 1: ped5071 operation modes 


Fo Cee 
oe ox [Standby stat 

Bee Ee 
to tatoo HH em naive asec 


Oe yee ==] an eae ene derot backward 


ojo fo fo foo Amit & receive, equidistant sampling 
aaa 


an a ae Receiver, dcrotate forward 


totes pe Receive, derotate backward 

For testing purposes only: 

a ee ee ae ae Ea ee ADC test mode, derotate forward 
POs Oe. Ae sae Oe si ADC test mode, derotate backward 
ro | Care a Oe ee ae ADC test mode, equidistant 
[oppo Poppa a tng 
a a a a ee Scan test, normal mode 

Cae ae ee Se eee Sean test, scan input 


ae 























Transmitter euale 


Pa 

















‘This table lists all relevant modes of the ped5071. All modes will be explained in some more detail in the following 
pages, 


A) Power dawn made, 


Ona PD input equals high the pedSO71 will enter the powerdown state. Tn the this state all the clocks are switched 
otf together with the power to the different opamps and resistor ladders. ‘the PLL in the pedS071 will also be 
powered down. Current consumption in powerdown mode will be less then 10 uA, 

Power up time after PD gocs low again is a function of the PLL loopfilter and VCO characteristics. 


B) Standby made. 


In the standby mode neither the transmitter nor the receiver are activated. The PLL is active, thus generating the 43 
Mhz secondary clock. This mode should also be used to initiate an offset aulo-zeroing cycle on the filter & output cir- 
cuitry. ADC and DAC circuits are powered down in standby mode. State of the auxiliary DAC is controlled via the 
serial bus. 


C) Transmit mode. 


A TXEN transition from high-to-low in standby mode initiates (he transmit active mode. In this mode the pcd5071 
accepts a 270IChz bitstream from the GSM DSP and converts (hem into modulation data for the GSM mixer. The first 
bit of cach ansmission burst will be latched and put onto the DTX pin, which in turns controls the power output 
module. This enables a rapid suppression of a transmit burst should the speechcoder have detected a speech 

pause. The GMSK modulated datastream has a 2.2 Mhz. rate die to the &-fold oversamntine that ic sed On a bow ta 
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High transition of the TXEN pin the pcdSO71 reenters the standby mode. Transmission of the current bit will be fin- 
ished. 


D) Receive m S 


A RXEN transition from high-to-low in standby mode initiates the receiver active mode. In this mode the receiver 
samples the 10.70 MHz IF frequency delivered by the frontend to obtain 9 J and 8 Q samples for each bitperiod. 
These 7-bit samples will be averaged’ and transmitted serially to the DSP. Exact timing of the sampling moments ts 
required to perfonn the derotation function. Three possible derotation functions are implemented. Selection takes 
place with theMSO & MS1 pins: 


Table 2: Derotation modes 


0 [oO [Dewaietowae 
ee Derotate backward 


The equidistant sample mode is for testing purposes only and should not be used in normal operation. 

A low-to-high transition of the RXEN pin will terminate the reccive-aclive nade and the device will reenter the 
standby mode, Transmission of the last bit will NOT be completed, i.e. the DSP will receive an incomplete word for 
the last bit. Duration of tie RXTEN active period should be calculated so that no useful bits will be lost. 




















Equidistant sampling 


FE) DAC test mode. 


The DAC test made is used to access the DAC’s directly, In this mode, the testbus fs connected to the input of both 
DAC's and to the auxiliary DAC. Since the DAC’s are 10 bits wide and the tesibus is only 8 bits wide, 2 extra signals 
are necded fora fully parallel access: dcrotation sclect signals MS1 and MSO will serve as inputs to bits 9 and 8 of the 
DAC resp. Data are latched into an internal buffer before being passed on to the main DAC’s. No buffer is present for 
the auxiliary DAC. Offsct adjust circuitry is active in this mode and herefore must be initialized before meaningful 
measurements can take place. 


F) ADC test mode. 


The ADC test mode is used to access the ADC directly, In this made, the testhus is connected to the output of the 
ADC. The derotation mode is also active, so derotation select signals MS1 and MSO must be used to ensure predict- 
able operation. To facilitate ADC testing, the equidistant sampling mode (MS1=1, MSO0=1) should be used, In this 
mode he ADC will generate one sample for each nine periods of the 43 MIIz secondary clock i.e. 4.7 megasamples 
per second. 


G) Scan test normal made. 


Scan test normal mode is used to exercise Uie digital circuitry according to the ATPG pattems. 


H) Scan test shift mode, 


Scan test shift mode is used to shift in the testpatterns generated by AI'PG programs. The same mode is uscd to shift 
out the results of the scan test normal mode. 
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DSP interface 


The interface to the DSP uses TTL level I/O's. The interface to the DSP can be split in a receive secuion and a trans- 
mit section where the transmit section comprises unree lines: 


o TXEN: transmit cnable input which is low active 
o CIX: Transmit clock output 
o DI: Data input 


When TXEN is low the first bit on DI is clocked in on a positive edge of CIX. CIX will change from high to low after 
TXEN is low. Cix will have an average period of 3.69 micro seconds. ‘to power up the DAC’s the first positive transi- 
tion of Cix is delayed with half a bit period. The first I/Q samples are generated one bit period after TXEN becomes 
low. To send N bits, the TXEN signal must be active for N symbol periods. N+1 bits are read from the DSP processor, 
of which the last one will be discarded. 


The receive section also comprises three lines: 


o RXEN: Reccive enable input which is low active 
0 COX: Receive clock output 
o DO: Data output 


Whenever RXEN changes from high to low the receive section will be activated. At the first uansition of the COX 
clock from high lo low the first bit is put on Do output. The format is shown below: 


17 16 15 14 13 12 11 10 Q7 Q6 Q5 QO4 Q3 Q2 Q1 QO. 
Where the MSB (17) is transmitted first and the digital word ts coded in two’s complement notanon. 
To power up the ADC and to fill the pipeline registers with enough data, the first negative Cransition of Cox clock is 


delayed with approx. one symbol period. Duration of RXEN is therefore N + 1 symbol periods. RXLN synchronizes 
the sampling scheme to the DMA frame and the symbol timing. 


DSP interface 












ped5071 eS 


+ . 
pee dy 
cix 
z ocxen 
a do 
pt cox 


y coxen 8 
PU EPR ADECCO |: 


TDMA-timer / 
Microcontroller 
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D Yiustments / serial | 


Yo adjust carrier suppression a DC offset adjustment is foreseen in the pcd5071. This adjustment is either automatic 
or fixed by the GSM system inicrocontroller, The offset adjustment block is controlled via the GSM chipset’s fast 
three wire serial bus. Instructions are send via this bus to several devices in the GSM chipset. These instructions are 
all 16 bits wide, with the four most significant bits being the device code. The device code for the pcd5071 is ‘1001’, 
decimal 9. The remaining 12 bits can be interpreted at will by the various devices. In case of the pcd5071, the 12 bits 
are formed by a 6 bit instruction and’a 6 bit data word. 


ial Programming }| 


A simple 3-line unidirectional serial bus is used to prograin the automatic offset-adjusting loop. The 3 wires are: 
data, clk and strobe. The data sent to the device are loaded in bursts framed by strobe. Data bits are clocked in on a 
positive going edge of the clock, if the enable is low. The programmed information is loaded into the pcd5071 on the 
first positive edge of the clock after enable went high. Only the last 16 bits serially clocked into the device are 
retained within the programming register. Additional leading bits are ignored, and no check is made on the number of 
clock pulses. The fully static CMOS design uses virtually no current when the bus is inactive. Signals necessary (to 
maintain proper operation of the serial bus are described in the AC characteristics section of this datasheet. 


Table 1; Programming register bit usage 


eee eee 
3 


ae [oe ele le ele 

































Data Format 


Data is entered with the most significant bit first. The Jeading bits make up the data field, whilst the trailing four bits 
are an address field. The pcd5071 uses only 1 of the available addresses. 

The trailing address bits are decoded upon the inactive strobe cdge. This produces an intemal load pulse to store the 
data in one of the addressed latches. To avoid erroneous circuit operation, the pulse is not allowed during data reads 
by the rest of the circuit. This condition is guaranteed by respecting a minimum strobe pulse width after data transfer 
The offset-adjust values at initial powerup are undefined, therefore an auto-adjust cycle should be started on both I & 
Q channels should be performed before start of the first uansmission burst. Offset adjust values are maintained during 
powerdown and standby states, 


In order to obtain proper operation of the device , at least three instructions must be carried out after 
device initialisation : 


Firstly an instruction to define auxillary DAC and camperator status, Uicn a load 100000 on both I and Q offset 
DAC’s, or an auto-adjust cycle on boui 1 & Q. Lastly, a value for the AUZDAC should be entered in order to obtain a 
clearly defined value at the auxdac output 


Normal operation would be 
insu.1}1000000000001001: AUX. DAC powered up, nonnal comperator operation 


instr 2}0001110000001001: Perform autoadjust on | and Q 
inst 3)1110000000001001: Put AUX DAC at middle value 
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Table 2: 15071 Instruction: 


Function 

for foe} 
fo fi [estore 
[fo [tom @oreeriee 
oe Autoadjust I-section offset 

ee Autoadjust Q-scction offset 


Autoadjust I and Q sections 


Filter inputs remain shortcircuited after instruction.* 


— 
pen 
proved 
vw 
— 


exe ; 5 
le Nn 
tse 


ean ercee i 
<< 

C1o 

(o <) 

ex ww, 


Pe OE oan 






Auxiliary DAC powered down 
Auxiliary DAC active 


oa Invert operation of comperators 


Normal operation of comparators 


Load Auxiliary DAC with a 10b valuc 


any other instruction to revert to normal operation, 


a : ; e 


d9 


x 
~~ _ _ — —_ — 
ft 
— 
Za 
oO 


Transmit mixer interface, 





A symmetrical buffer driver, dnving 1Vpp into a load impedance of typically SOkohm//10pF, in both Land Q outputs. 
with a common mode DC offset of nominal 2.35 V which allows direct connection to the transmitter mixer circuit, 
Receiver interface, 


Maximum input is 1.8 Vpp input swing and frequency is typically 10.70 Mc; The input impedance is less than 20 pF 
and more than 10 kohm. Normaily the RFIN input is AC coupled to the 10.70 Me RF 
output. The DC level is maintained to | Volt with the aid of two resistors. 


Auxiliary DAC interface, 


A 10-bit DAC followed with a x 2 buffer is used to generate a voltage with range trom 0.4 V to 4.5V. This is used to 
control the system’s main 13 Mhz clock . Output impedance is less than 25K Ohms. 
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Maximum ratings 


Limiting values in accordance with the Absolute Maximum System (IEC134) 


Parameter Syinbol Min Max unit 
Supply voltage VDDD, VDDA, VDDP -0.5 +6.5 Volts 
Maximum supply voltage offset 0.5 Volts 
All input voltages . Vi -0.5 Vdd+0.5 Volts 
DC current into any input or output Ii,lo 5 mA 
Total power dissipation Ptot tbf mW 
Storage temperature range Tstg -65 150 C 
Operating ainbient temperature range Tamb -25 70 c 
Operating junction temperature Tj 85 C 
ing current: 


VDD D= VDDA = VDDP = SV 4/-10%, Vss = OV, ambient temp = -25/70 C 


nin typ max unit conditions 
into Vddd 

TX_active a0 mA PD=0, TXEN=0, RXEN=1 
RC_active Sl nA PD=0, TXEN=1, RKEN=0 
Standby 3.0 mA PN=0, TXEN=1, RXEN=1 
powerdown 3 uA PD=1, TXEN=x, RXEN=x 
into Vdda (= DAC + ADC + fillers + auxdac ) 

TX_active 13.0 mA PD=0, TXEN=0, RXEN=1 
RC_active 26 mA PD=0, TXEN=1, RXEN=0 
Standby 3. uA PD=0, TXEN=1, RXKEN=1 
powerdown 3.0 vA PD=1, TXEN=x, RXEN=x 
Auxillary DAC alone 0.7 1.0 mA Only AUX DAC active 
into Vddp (= PLL supply voltage ) 

Standby 0:35 0.9 mA PD=0 
powerdown 3.0 uA PD=1 


DC characteristics 
Digital interfaces: min lyp max unit conditions 
inputs : (MSO, MS1, DI, TXEN, RXEN, PD, DATA, STROBE, CLOCK ) 


input level low 0.8 Vv (= TTL level ) 
input level high 2 V (= Vib level)... 


outputs : (COX, CIX, DO, DTX ) 


output level low 0.4 V @1.6mA 
output level high 2.4 V (= TTL level ) 
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Unit Min. Nom. Max Units Remarks 


Transmitter specification 


Dac resolution 10 bits 
Integral nonlinearity +/- 1 LSB 
Differential nonlinearity +/- 1 LSB 
Unadjusted offset voltage +/- 30 mV 
Offset compensation range 64 mV -32 10 + 32 mV 
Output spectrum mask -| dB 0 - 100 kHz 
30 dB 200 kHz 
33 dB 250 kHz 
60 dB 400 kHz 
70 dB 600kHz, 
70 dB 2 Mhz 
Matching I vs. Q amplitude 0.23 dB at 67.5 ki{z 
tbd dB at 250 kHz 
Matching Group delay 30 ns 
Group delay ripple 10 ns 
PSRR 60 dB 
IP - IM and QP- QM 
differential output swing 0.9 t 1.1 V- into }Okohm diff 
HAOpk 
De offset 20 Vv 
Group delay analog part 1.4 ee 1.6 usec DAC + Filter 
REF_DAC 
DAC reference voltage 235 V With Cd=100nF 
MCK 
Input level 600 mVpp Vdd/2 offset voltage 
impedance 5 kohin at L3MHz, 
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Unit 
R iv ification 


ADC resolution 
Differential non lin. 
Integral non lin. 
Group delay 


REIN 

input voltage range 
DC offset 
frequency 

input impedance 


REF_AD 
Reference voltage output 


CUR_AD 
Bias current control input 


RCK 
Input level 
unpedance 


PLL charge pump specification 


CURPLL 
PH current control input 


PH 
Absolute output current 
Leakage current 


Phase detector gain Kd 


Dac resolution 
Integral nonlinearity 
Differential nonlinearity 


Useful output voltage range 
LSB 
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Nom. Max 
+/-] 
+/-1 

3.69 
2.0 

1 

10.70 

60 

15 

2.0 

tbf 

G00 

5 

16 

§12 600 
100 

81.5 

10 
+/-4 
+/-1 
4.5 

45/1024 
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Units 


bits 
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Remarks 


DC to 4.75 MHz 


RXEN to DO 


AC coupled 


at Fs=4.75 MHz 


With C d= 100 nF 


Use a 27k pullup 


Vdd/2 offset voltage 
at 43 MHz. 


Use a 190K pullup 


Positive or negative 
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Serial interface timing diagram 


data f a’ i . 


clock ~/1\_A ‘a Ser ee ie 
strobe \ | rl a 





why tl [t2 at: 
Timing parameter min Max units ~ remarks 
clock period L t] 50 ns 
clock period H (2 50 ns 
data setup time (3 tod ns 
data hold time t4 ns 
strobe setup ume tS thd ns 
stobe hold time 16 thd ns 


Minimal strobe active time t7 1.85 us< 
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FEATURES 


e Wide operating supply voltage range (1.5 to 6.0 V) 


Extended temperature range: —40 to +85 °C (between 
-—40 to -10 °C, minimum supply voltage restricted to 
1.8 V), see Chapter “Limiting values” 


Very low supply current (60 uA typ. with 76.8 kHz 
crystal) hi 


Decodes CCIR radio paging Code No. 1 
(POCSAG-code) 
Programmable call termination conditions 


512 and 1200 bits/s data rates (2400 bits/s with some 
restrictions), see Section “Decoding of the POCSAG 
data stream” 


Improved ACCESS synchronization algorithm 


Supports 4 user addresses (RICs) in two independent 
frames 


Eight different alert cadences 


Directly drives magnetic or piezo ceramic beeper 


High level alert requires only a single external transistor 


Optional vibrator type alerting 
Silent call storage, up to eight different calls 


Repeat alarm facility 


Programmable duplicate call suppression 


Interfaces directly to VAA2033T, UAA2050T and 
UAA2080 digital paging receivers 


ORDERING INFORMATION 


TYPE NUMBER 









PCF5001H 


Note 


PACKAGE 


PIN POSITION 


POFSOOIT S028 Soria 
TOFPS2 SOTa58- 


¢ Programmable receiver power control for battery 
economy 


¢ On-chip non-volatile EEPROM storage 


On-chip voltage converter with improved drive capability 


Serial microcontroller interface for display pager 
applications 


Optional visual indication of received call data using a 
modified RS232 format 


Level shifted microcontroller interface signals 


Alert on low battery 
Optional out-of-range indication. 


APPLICATIONS 

¢ Alert-only pagers, display pagers 
¢ Telepoint 

¢ Telemetry/data receivers. 


GENERAL DESCRIPTION 


The PCF5001 is a fully integrated low-power decoder and 
pager controller. It decodes the CCIR radio paging Code 
No.1 (POCSAG-Code) at 512 and 1 200 bits/s data rates. 
The PCF5001 is fabricated in SACMOS technology to 
ensure low power consumption at low supply voltages. 






MATERIAL CODE 





1. When using IR reflow soldering it is recommended that the Drypack instructions in the “Quality Reference 
Pocketbook” {order number 9398 510 34011) are followed. 
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BLOCK DIAGRAMS 


DIGITAL INPUT DATA OUTPUT 
DI eS SERIAL DATA PROCESSOR PORTER 
CLOCK EEPROM 
RECOVERY DECODER AND MEMORY 
ERROR CORRECTION 
CONTROL 
EEPROM PD 
CONTROL 
PS 
ee ean SYNC TIMING 
pad CONTROL CONTROL ie 
ALERT as 
PCF5001T GENERATION OR 
xq CLOCK CONTROL OM 
‘ OL 
GENERATION : 
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CONTROL 
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RESET CONTROL 
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Fig.1 Block diagram (SO28L; SOT136-1). 
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DATA OUTPUT 


DIGITAL INPUT 
SERIAL DATA PROCESSOR CONTROL 


FILTER 
















CLOCK EEPROM 
RECOVERY DECODER AND MEMORY. 
ERROR CORRECTION 

CONTROL 





EEPROM PD 


CONTROL 
PS 


ENABLE 


AL 
ALERT 

PCFS001H GENERATION a 

CLOCK CONTROL OM 





















GENERATION OL 
Al 
VOLTAGE TEST STATUS BATTERY LOW 
CONVERTER CONTROL CONTROL CONTROL 
32 
FL 1S TT SR SK ON IE BL BS MLBO45 


Fig.2 Block diagram (TQFP32; SOT358-1). 
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PINNING 


SYMBOL SO28L TOFP32 DESCRIPTION 
SOT136-1 SOT358-1 


Microcontroller interface reference voltage output. The LOW level of pins 


= FL, DS, DO, OR, BL, Al, ON, SK, SR and IE is related to the voltage on 
: joe 


Vret- May be driven from an external negative voltage source or must be 
connected to Vgzg, if pins CN and CP are left open-circuit. When the 
on-chip voltage converter is used, this pin provides a negative output 
voltage. 


Voltage converter external shunt capacitance, negative side. Connect the 
negative side of the shunt capacitor to this pin, if the on-chip voltage 
converter function is used. 


Voltage converter external shunt capacitor, positive side. Connect the 
positive side of the shunt capacitor to this pin, if the on-chip voltage 
converter function is used. 


Main positive power supply. This pin is common to all supply voltages and 
is referred to as 0 V (common). 


Serial data input (POCSAG code). The serial data signal train applied to 
this pin is processed by the decoder. Pulled LOW by an on-chip pull-down 
when the receiver is disabled (RE = LOW). 


Battery-low indication input. The decoder samples this input during 
synchronization scan, when it is in ON or SILENT status and the receiver 
is enabled (RE = HIGH). A battery-low condition is assumed, if the 
decoder detects four consecutive samples HIGH. An audible battery-low 
indication is made by the decoder, when operating in ON status. Normally 
LOW by the operation of an on-chip pull-down. 


EEPROM programming data input and output. Normally HIGH by the 
operation of an on-chip pull-up. During programming of the on-chip 
EEPROM, PD is a bidirectional data and control signal. 


EEPROM programming strobe input. Normally LOW by the operation of 
an on-chip pull-down. During programming of the on-chip EEPROM, PS is 
a unidirectional control input. 


Crystal oscillator input. Connect a 32768 Hz or 76800 Hz crystal and a 
biasing resistor between this pin and X2. In addition, provide a load 
Capacitance to Vpp, which may also be used for frequency tuning. 


Crystal oscillator output. Return connection for the external crystal and 
resistor at X1. 

Scan test mode enable input. Always LOW by operation of an on-chip 
pull-down. 


Alert HIGH-level output. This output can directly drive an external bipolar 
transistor to control HIGH-level alerting in conjunction with AL, by means 
of an alerter or beeper. 


LED indication output. This output can directly drive an external bipolar 
transistor to control the visual alert function by means of an LED. It may 
also be used for visual indication of received call data during call 
reception. 


es) 
2) 


oh 
© 


y 
.¢) 


NO 


op) 


— 
NO 


= 
Ww 
Nh 
~J 





| 
» be. ; 
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DESCRIPTION 


Receiver enable output. May be used to control the paging receiver power 
control input, to minimize power consumption. The decoder provides a 
HIGH-level at this pin, when receiver operation is requested. Each time 
the decoder does not require any input data at D] the receiver enable 
output is LOW. 


Alert LOW-level output. Open drain alert output in anti-phase to AH, to 
provide LOW-level alerting. HIGH-level alerting is generated in conjunction 
with AH. 

Vibrator output. This output can directly drive an external bipolar transistor 
to control a vibrator type alerter. 


Main negative supply voltage. 


Test mode enable input. Always LOW by operation of an on-chip 
pull-down. 


Interface enable input. While the interface enable input is active HIGH, 
operation of the ON, SK, SR, Al, BL and OR inputs and outputs is 
possible. When IE is LOW the inputs do not respond to applied signals 
and the outputs are made high-impedance. In alert only pager mode the 
interface enable input does not have any effect on the operation of inputs 
ON, SK and SR, but IE must be referenced to LOW or HIGH. 


Silent state control input. The silent control input selects the decoder ON 
status (LOW-level) or SILENT status (HIGH-level), if the ON input is active 
HIGH. An on-chip pull-up is provided, if the decoder has been 
programmed for alert-only pager mode, whereby the pull-up is disabled for 
display pager mode. In display pager méde status change is possible 
provided the interface enable input (IE) is HIGH and the status is latched 
on the falling edge of IE. 












Status request and reset input. A HIGH-going pulse on this input causes 
(a) status indication cadence to be generated, if the decoder is not alerting 
or (b) resetting of a call alert, repeated call alert or battery-low alert, if 
active or (c) triggers the call store re-alert facility, if repeat mode is active. 
In display pager mode operation of SR is possible only, if the interface 
control input is active. Normally LOW by the operation of an on-chip 
pull-down. 


On/off control input. The on/off control input selects the decoder ON status 
(HIGH-level) or OFF status (LOW-level). An on-chip pull-up resistor is 
provided, if the decoder has been programmed for alert-only pager mode, 
but the pull-up resistor is disabled for display pager mode. In display pager 
mode status change is possible provided the interface enable input (IE) is 
HIGH and the status is latched on the falling edge of IE. 





Alarm input. A HIGH-level on this input causes generation of a continuous 
HIGH-level alert via AH and AL outputs, if the decoder operates in ON 


status or OFF status. In addition, the LED output is active independent 
from the decoder status,. but in accordance with Al. Pulsing the input may 
be used to modulate the alert and LED indication. Normally LOW in 
alert-only pager mode by operation of an on-chip pull-down. 
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Battery-low indication output. If the decoder encounters a.battery-low 
condition a battery-low output latch is set HIGH. The battery-low output 
latch may be tested for a battery-low condition, whenever the interface 
enable input (IE) is active (HIGH), otherwise the battery-low output is 
made high-impedance. The battery-low output latch is reset only, by 
switching the decoder to OFF status. 


Out-of-range indication output. Whenever the decoder detects an 
out-of-range condition an out-of-range output latch is set HIGH after expiry 
of the programmed out-of-range hold-off time selected by means of 
special programming (SPFO6 and SPF07) of the EEPROM. The 
out-of-range latch may be tested for an out-of-range condition, whenever 
the interface enable input (IE) is active (HIGH), otherwise the out-of-range 
output is made high-impedance. The out-of- range output is reset by 
detection of a valid data transmission or by switching the decoder to OFF 
Status. 


Serial interface data output. During normal decoder operation, accepted 
calls and possibly subsequent message data are serially output via this pin 
in conjunction with the data strobe output (DS). This pin is also used to 
output the EEPROM contents upon special command, if the decoder is 
programmed for display pager. 


Serial interface data strobe output. Provides a clock signal for the received 
call data and EEPROM data appearing at the data output (DO). Each time 
this output is LOW the data at DO is valid. Additional start and stop 
conditions allow easy identification of data sequence start and end. 
Frequency reference output. When programmed for display pager mode, 


this output provides a clock reference with 16384 or 32768 Hz per 
second, selected by SPF32. See Chapter “Functional description” . 





2, 7, 20, 21 | Not connected. 
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Fig.3 Pin configuration (SO28L; SOT136-1). 


FUNCTIONAL DESCRIPTION 


The PCF5001 is a very low power Decoder and Pager 
Controller specifically designed for use in new generation 
radio pagers. The architecture of the PCF5001 allows for 


flexible application in a wide variety of radio pager designs. 


The PCF5001 is fully compatible with “CC/A radio paging 
Code Number 1” (also known as the POCSAG code) 
operating at the originally specified 512 bits/s data rate, 
and also at the newly specified 1200 bits/s data rate 
(2400 bits/s operation is also possible). The PCF5001 also 
offers features which extend the basic flexibility and 
efficiency of this code standard. 


The PCF5001 supports two basic modes of operation 


In Alert-Only-Pager mode only a minimum number of 
external components are required to build a complete 
tone-only pager. Selection of operating states ON, OFF or 
SILENT is achieved using a slider switch interface. 


In Display-Pager mode the state input logic is switched to 
a bus interface structure. Received calls and messages 

are transferred to an external microcontroller via the serial 
microcontroller interface. A built-in voltage converter with 
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Fig.4 Pin configuration (TQFP32; SOT358-1). 


increased drive capabilities can supply doubled supply 
voltage output, and appropriate logic level shifting on 
microcontroller interface signals is provided. 


Upon reception of valid calls one of eight different call 
cadences is generated; upon status interrogation status 
indication tones make the current status of the decoder 
available to the user. 


On-chip non-volatile 114-bit EEPROM storage is provided 
to hold up to four user addresses, two frame numbers and 
the programmed decoder configuration. 


Synchronization to the input data stream is achieved using 
the improved ACCESS algorithm, which allows for data 
synchronization and re-synchronization without preamble 
detection while minimizing battery power consumption by 
receiver power control. One of four error correction 
algorithms is applied to the received data to optimize the 
call success rate. 


The POCSAG paging code 


A transmission using the CCIR radio paging Code No.1 
(POCSAG code) is constructed in accordance with the 
following rules (See Fig.5). 
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The transmission is started by sending a preamble, which 
is a sequence of at least 576 continually alternating bits 
(10101010...). The preamble precedes a number of batch 


blocks. The transmission is terminated after the last batch. 


Each batch comprises a synchronization codeword with a 
fixed 32-bit pattern followed by eight frames 


(numbered 0 to 7). Only complete batches are transmitted. 


A frame consists of two codewords, each 32-bits long. A 
codeword is either an address or a message or an idle 
codeword. Idle codewords are transmitted to fill empty 
batches or to separate messages. 


An address codeword is coded as shown in Fig.5. The 
upper 18-bits of the 21-bit digital user address (or 


PREAMBLE | 


| BATCH 1 | BATCH 


a. 
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RIC = Receiver Identification Code) are coded in the 
codeword itself (bits 2 to 19), which is protected against 
transmission errors by a number of CRC check bits 

(bits 22 to 31). Bit 32 is a simple overall even-parity bit. 
The lower three bits of the digital user address are coded 
in the number of the frame, in which the address codeword 
is transmitted. Two function bits (bits 20 and 21) allow 
distinguishing of four different calls to one user address. 


In a message codeword 20-bits of any display information 
can be put into the message bits, which are protected 
again by additional check bits. 


2 : BATCH 3 | eoeee | LAST BATCH | 
7 4------ 4 


SYNC | CWCW | CWcw | 


FRAME 0 


Address codeword 


Message codeword (a 20-bit message 10 CRC bits 


18- 


FRAME 1 


bit address 2 function bits 10 CRC bits 


MCD456 


Fig.5 POCSAG code structure. 
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Modes and states of the decoder 


The PCF5001 supports two basic operating modes: 
e Alert-only pager 
e Display pager mode. 


Two further modes, the Programming mode and the Test 
mode, are implemented to program and verify the 
EEPROM contents and to support pager production and 
approval tests, respectively. 


In Alert-only pager mode no external microcontroller is 
required, see Fig.21. A three position slider switch 
interface is provided to select the internal state of the 
decoder. The decoder performs regular scanning of the 
switch inputs to detect a status change. A push-button 
interface is provided on the SR input, which is used as 
input for user acknowledgment actions and status 
interrogation. Upon reception of valid calls, tone alert 
cadences are generated. A call storage is provided to store 
calls received while operating in Silent status and to recall 
cadences upon repeat mode operation. The voltage 
doubler and the frequency reference output are disabled in 
this mode. 


In Display pager mode the PCF5001 operates as decoder 
and pager controller in combination with an external 
microcontroller, see Fig.22. The internal states of the 
decoder are determined by appropriate logic levels on the 
status inputs. A bus type interface structure is used to 
interface the decoder to the microcontroller. The decoder's 
on-chip voltage converter provides doubled supply voltage 
output to provide a higher supply voltage to the 
microcontroller and any additional hardware. The logic 
levels of the interface's input and output signals are level 
shifted to allow for direct coupling between microcontroller 


Table 1 Truth table for decoder operating status. 


ON INPUT SK INPUT 












Note 
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and the decoder. Upon detection of a valid call, address 
and message information are transferred to the external 
microcontroller using the serial microcontroller interface. In 
addition, appropriate call alert cadences are generated. 


If the decoder is in one of the two operating modes, it is 
always in one of the following three internal states: 


e OFF status. This is the power saving, inactive status of 
the PCF5001. The paging receiver is disabled, no 
decoding of input data takes place. However, the crystal 
oscillator is kept running to ensure that scanning of the 
status inputs/status switch is maintained to allow 
changing into one of the following two active states. 


ON status. This is the normal active status of the 
decoder. Incoming calls are compared with the user 
addresses stored in the internal EEPROM. Upon 
detection of valid calls, alert cadences and LED 
indication are generated and data is shifted out at the 
serial microcontroller interface. 


SILENT status. The Silent status is the same as the On 
status with the exception that valid calls no longer cause 
generation of call alert cadences. Instead, if 
programmed as alert-only pager, the decoder stores up 
to eight different calls and generates appropriate alert 
cadences after the decoder has been put back into the 
On status. However, special silent override calls will 
cause generation of alert cadences, if enabled. 


The decoder operating status is selected as indicated in 
Table 1. = 


When programmed for alert-only pager a switch debounce 
period is applied to the status inputs. For status change 
and status interrogation in display pager mode, see 

Figs 6 and 7. 


OPERATING STATUS 
ORR o> == e--  G 
ea (EEPROM transfer mode; note 1) 
SILENT : 


1. The EEPROM transfer mode applies to display pager mode only. 
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Fig.6 Status change in display pager mode. 
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Fig.7 Status interrogation in display pager mode. 





Decoding of the POCSAG data stream 


The POCSAG coded input data stream is first noise filtered 
by a digital filter. From the filtered data a sampling clock 
synchronous to the data rate is derived. The PCF5001 
supports 512 bits/s and 1200 bits/s data rates. This results 
in a 512 Hz or 1200 Hz sampling clock frequency, 
respectively. Synchronization on the POCSAG code 
structure is performed using the improved Philips 
ACCESS algorithm, which employs a state machine with 
six internal states. 
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A data rate of 2400 bits/s is possible if an external clock 
generator of 153.6 KHz is connected to X1. The minimum 
supply voltage is then —-1.8 V. 


The receiver enable output is activated a period equal to 
trxon before the input data is actually needed. The 
decoder has first to achieve bit and word synchronization 
before it can receive calls. The algorithm searches first for 
the preamble and then for synchronization codeword 
patterns. This is carried out for the duration of 3 batches in 
Power-on mode or 1 batch (=preamble duration) in 
Preamble Receive mode. Error correction algorithms are 
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applied to the data before it is compared with preamble 
and synchronization codeword patterns. The 
‘synchronization process is terminated and thus Data 
Receive mode entered as soon as synchronization 
codewords are seen at the beginning of each batch. 


The decoder handles loss of synchronization in three 

steps: 

1. If the decoder fails to detect the synchronization 
pattern at the beginning of the current batch it 
continues data reception as normal. This Data Fail 
mode is signalled in the message output when an 


address codeword was received, as shown in Table 4. 


2. If also at the beginning of the next batch no 
synchronization codeword can be detected, the 
algorithm assumes a small bit shift in the Fade 
Recovery mode and performs more synchronization 
codeword checks around the expected position for the 
following 15 batches. Call reception is suspended. 


3. If it fails to re-synchronize in the Fade Recovery mode, 
the Carrier Off mode is selected, in which the decoder 
attempts to regain synchronization by bit-wise shifting 
its synchronization scan window. Using this technique 
re-synchronization is obtained within a continuous 
data stream of at least 18 batches without preamble 
detection. 


In Data Receive mode, the input data stream is sampled at 
the synchronization codeword position and the 
programmed frame positions. The received codewords are 
error corrected and then, if address codewords, compared 
with the stored user addresses related to that frame. On 


Table 2 Call termination on error. 


X 








Note | 
1. X= dont care. 
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CALL TERMINATION EVENT 


(1) Any two consecutive codewords or the codeword directly following the address 
codeword uncorrectable. 


Any single codeword uncorrectable. 
Any two consecutive codewords uncorrectable. 
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detection of a valid call, the decoder performs the following 
three operations: 


1. Setastore for call alert cadence generation according 
to the combination of the function bits in the accepted 
address codeword. The call alert cadence will not be 
generated before the call has been terminated. 


2. Keep the receiver enable output (RE) active and 
receive subsequent message codewords, until any of 
the call termination criteria are fulfilled. 


3. Trigger the serial message transfer by sending a start 
condition and transfer deformatted message 
codewords as attached to the address codeword via 
the serial microcontroller interface to an external 
microcontroller, followed by a stop condition. 


Normally call termination is assumed, when a valid idle or 
address codeword is received. On reception of 
uncorrectable codewords, call termination takes place in 
accordance with conditions shown in Table 2. 


Generation of output signals 


The PCF5001 provides output indications for call alert, 
repeat mode alert, out of range alert, battery-low alert, 
status indication alert and start-up alert. Some of the alert 
functions may be freely configured by programming of 
SPF bits within the EEPROM. Table 3shows the outputs 
which are used for special output indications, if the 
decoder operates in ON status. 


Remark: reception of special silent override calls causes 
the decoder to generate call alert indication via AL and AH 
even if it operates in SILENT status. 
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ALERT FUNCTION 


| wes) | 


Start-up 

Status indication 
Call reception yes 
Repeat mode 


(yes 


Out-of-range 
Battery-low 
Alarm input 


Note 


AL 
( 
yes 
(yes) ) 
(yes) 
(yes) 
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OUTPUT ACTIVE”) 


SPF16 


OL 
yes 
yes 
yes 


oe 2 i SPR 
| ves) | yes) | 
| ves) | es) | yes 





1. Entries in parenthesis are not valid, if the decoder operates in SILENT status. 


Alerter 


The PCF5001 provides the AL and AH outputs for 
acoustical LOW-level and HIGH-level signalling. 
LOW-level alerting is provided by the AL output only. For 
HIGH-level alerting both, AL and AH are active in 
anti-phase. The square-wave output signals produce tone 
alert cadences by means of a magnetic or piezo ceramic 
beeper. The alert frequency, 2048 Hz or 2731 Hz 
square-wave, is selected by programming of SPF31. 


When valid calls are received while operating in ON status, 
the PCF5001 generates cail alert cadences. The first four 
seconds are generated at LOW-level, a further twelve 
seconds are generated at HIGH-level. Alert tone 
generation and LED indication automatically terminate 
after sixteen seconds unless terminated by pulsing the 
status request and reset input (SR). Call alert generation 
is inhibited until completion of message codeword 
reception and the termination word is sent by the decoder. 
Call alert generation commences afier an alert delay 
period, tap, at the earliest, see Fig.8. Call alert deletion is 
possible during the alert delay period. 
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The call alert cadence is modulated according to the two 
function bits (FC) in the received address codeword, 
see Fig.9. 


Valid calls received on RIC B or RIC D cause the alerter 
frequency to be warbled by means of an additional 16 Hz 
and 1024 Hz signal (respective 1365 Hz for SPF31 = 1) 
as opposed to RIC A and RIC C where no alert frequency 
warble takes place. Thus, eight different call cadences are 
distinguishable. 


On status interrogation by the status request and reset 
input (SR) the PCF5004 generates a status cadence at 
LOW-level, in accordance with the present internal 
decoder status (see Fig.10). 


When detecting a battery-low condition the PCF5001 
provides a battery-low indication. Operating in ON status 
causes generation of a battery-low alert at HIGH-level for 
sixteen seconds or until terminated by pulsing SR. 
Operating in SILENT status or repeat mode the 
battery-low alert is stored and inhibited until switching to 
ON status. 
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Fig.8 Call alert delay. 


cadence 1 
(FC = 00) 


cadence 2 bite > 
(FC = 01) = ares 
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Fig.9 Call alert cadences. 
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Fig.10 Status indication cadences. 


Silent call storage and Repeat mode 


When programmed for alert only pager the PCF5001 
provides a call alert storage for storing of call alerts 
received during SILENT status or for call alerts which 
caused the decoder to enter Repeat mode. Call alert is not 
stored, when call indication is terminated by action of the 
status request and reset input (SR). 


Allowing the call indication to time-out by expiration of a 
sixteen second alert operation causes the Repeat mode to 
be entered, while operating in ON status or SILENT status. 
Such call alerts are stored for later repeated call alert on 
interrogation by the user. When Repeat mode has been 
entered and the decoder operates in ON status, the repeat 
Call store is interrogated by pulsing the status request and 
reset input (SR) or on switching to ON status if the decoder 
operates in SILENT status. When silent override calls are 
received, which entered the Repeat mode, interrogation of 
repeat call store operates as in decoder ON status. After 
interrogation of repeat call store and subsequent 
generation of all stored call alerts the call store is cleared 
and the Repeat mode is terminated. 


When programmed by means of SPF 16, a repeat alert 
cadence is generated periodically, whenever Repeat 
mode has been entered. Operating in ON status causes 
the repeat alert cadence to be generated at HIGH-level 
and warbled by means of an additional 16 Hz and 1024 Hz 
signal (respective 1365 Hz for SPF31 = 1) as shown in 
Fig.11. The LED output indicates the same alert cadence 
and alert warble. In SILENT status only the LED output is 
active. 
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No call alert storage occurs when the decoder is 
programmed for display pager mode. 


Duplicate Call Suppression 


The PCF5001 provides a Duplicate Call Suppression with 
time-out facility, to identify duplicate call reception. When 
selected by programming of SPF 14, the PCF5001 inhibits 
any duplicate call alertin alert-only pager mode. In display 
pager mode, duplicate call indication is achieved only via 
the serial microcontroller interface. A call is assumed to be 
duplicate if its address and function bit setting is equal to - 
the latest received call, which initialized the call address 
and function bit reference. The Duplicate Call Suppression 
time-out is selectable by programming of SPFOQ6 and 
SPFO7. 


LED indicator 


The PCF5001 provides for visual signalling using a LED 
via output OL. : 


Call alert indication is provided by the LED with the same 
cadence and warble modulation as for the alerter outputs 
AL and AH. Call alert indication occurs in ON and SILENT 
status and automatically terminates after sixteen seconds 
time-out unless terminated by pulsing the status request 
and reset input (SR). 


When detecting an out-of-range condition and enabled by 
programming of SPF15, the LED output provides an 
out-of-range indication as shown in Fig.12. 
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The LED output can be made to provide message data by 
programming SPF17. Alert signals are inhibited during 
message data transfer. 


MCD462 


Fig.11 Repeat alert cadence. 





MCD463 


Fig.12 Out-of-range indication. 


Vibrator output 


The PCF5001 provides the OM output for activating a 
vibrator-type alerter for call alert indication. The vibrator 
output is enabled by programming of SPF11. 


Calls received while operating in SILENT status cause 
activation of the vibrator output for the normal call alert 
cadence or until terminated by operation of the status 
request and reset input (SR). Silent override calls, calls 
received in decoder ON status and repeated call alerts are 
alerted normally by the AL and AH outputs. 


Start-up alert 


To indicate the establishment of operational condition 
whenever the decoder status has been changed from OFF 


to ON or SILENT status, the PCF5001 provides a start-up 


alert indication. Switching from OFF to ON status causes 
generation of a start-up alert cadence at LOW-level and on 
the LED output OL (see Fig.13). 
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When changing from OFF to SILENT status, the start-up 
alert will be indicated on the LED output and the vibrator 
output OM. 


Fig.13 Start-up alert. 





Serial communication interface 


To transmit any call message data received to an external 
microcontroller for post-processing, a serial 
communication interface has been provided by a serial 
data output signal DO and a data strobe signal DS as 
shown in Fig.14. 


Upon interrogation the PCF5001 is also able to transfer 
EEPROM contents via the serial communication interface, 
see Section “Read-back operation via Microcontroller 
Interface” . : 


ne 


Message data transfer 


The transfer of message data via DO and DS is organized 
in 8-bit words providing additional start and stop conditions 
as shown in Fig.15. . 


On reception of a valid call address the PCF 5001 
generates a start condition and outputs an address word 
as shown in Fig.15 a. 


The address word indicates call address, function bit 
setting and decoder flags as shown in Table 4. 


Message codewords received and concatenated to a valid 
call address are transferred after completion of the 
address word. The message bits received in the message 
codewords are split into blocks and are converted to obtain 
the message words. The message words comprise an 
error flag to indicate message words, which are derived 
from uncorrectable message codewords as shown in 
Table 5. 


Message data is output at a rate of 2048 bits/s with a 
minimum delay of 2 bits between consecutive message 
words. | 
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Termination of call reception causes aterminationwordto Serial data transfer for a received call ends with a stop 
be transferred, which indicates successful or unsuccessful —§ condition as shown in Fig.15 c. 
call termination as shown in Table 6. 


START OF TRANSFER , 


start condition address word 1st message word 


oe 


o L, Ree EY LLL 


oe 


MESSAGE TRANSFER 


message word N—1 message word N message word N+1 


> eee Psppey TLL 


END OF TRANSFER 


last message word termination word stop condition 


DS e@ cid 
: MEA254 - f 


Fig.14 Call data transfer on the serial communication interface. 
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MEA253 - 2 


a. Start condition. 
b. Data bit. 
c. Stop condition. 


Fig.15 Serial communication interface timing. 
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Call Data output on LED 


When enabled by programming of SPF 17 = 1, message 
data will appear on the LED output OL. The data format 
and timing are equal to the signal on DO, except that the 


separation of 1 start bit and 1 stop bit. 


start/stop conditions are replaced with start/stop bits 
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(respectively 1 and 0). The data format is shown in Fig.16. 
No alert signals will appear on OL during message data 
transfer. Consecutive message words have a minimum 


« Deb Erle. 1. PLL 


4 ~ at ca 
Q Q a 
§ $ 5 
” 7) ?2) 
MESSAGE TRANSFER 
message word N—1 message word N message word N +1 


(COL, Teme pspepspefe] TT 


5 ae sx b= = 
a 2 2 pee 
Q. tc Q. £ 
2 es) 2 = 
2] 77) 7) 77) 
END OF TRANSFER 


OL [| [ 1] | | TO) T1 | T2 | T3 %T4 (TS T6 | 77 | l 


MEA255 - 1 


last message word termination word o, 


stop bit 
start bit 
stop bit 


Fig.16 Call data transfer on the LED output. 
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Serial communication call data format 
Table 4 Address word format. 


FUNCTION CODE 
BITO (LSB) | BIT 1(MSB) 


Bit 21 of bit 20 of 
address address 
codeword codeword 


CALL ADDRESS 


Table 5 Message word format. 


BIT 0 BIT 1 BIT 2 BIT 3 
LSB 
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BIT 4 


SYNC STATUS | DUPLEX CALL 
3 BIT7 


0 = Data 1 = Duplex Call 
time-out active 


Receive; 
1 = Data fail 








message bits 


Note 


1. Bit 7 =1, if message codeword could not be corrected. 


Table 6 Termination word format. 


BIT 0 


Note 
1. Bit 7 = 1, if call termination on error. 






Data conversion 


The PCF5001 automatically converts message codewords 
received in numeric or alphanumeric format into ASCII 
format. Depending on SPF 13 and the function bit setting in 
the received address codeword a conversion takes place 
as shown in Table 7. 


When a conversion from alphanumeric format to ASCII 
takes place, the received message codewords are split 


Table 7 Message data conversion. 


SPF13 


BIT 20 (MSB) 


BIT 1 BIT 2 BIT 3 
ee a 


FUNCTION BITS 


BIT 21 (LSB) 






BIT 5 


BIT 6 BIT 7) 


into message blocks, seven bits in length. After adding the 
error flag they are transferred as message words. 


When a conversion from numeric format to ASCII takes 
place, the received message codewords are split into 
blocks, four bits in length. Each four bit block is converted 
to a seven bit block as shown in Table 8. After adding the 
error flag they are transferred as message words. 


MESSAGE FORMAT 


a 


numeric 





Note 
1. X=don' care. 
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Table 8 Numeric format to ASCII conversion. 





Memory Organization 


The PCF5001 POCSAG decoder contains non-volatile 
EEPROM memory to store four user addresses, two frame 
numbers and specially programmed function bits (SPF01 
to SPF32) for decoder application configuration. The 
EEPROM is organized as three arrays of 38 bits each as 
shown in Fig.17. 


A user address (or RIC) in POCSAG code comprises of 
21 bits, but the three least significant bits are coded in the 
frame number and therefore not explicitly transmitted. In 
the PCF5001, addresses A/B and C/D must share the 
same frame number: addresses A and B reside in frame 
FR1 (FR10, FR11 and FR12), addresses C and D reside 
in frame FR2 (FR20, FR21 and FR22). Figure 18 shows an 
example of decimal address to EEPROM content 
conversion. Each address must be explicitly enabled by 
resetting of the associated enable bit. 
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EEPROM ARRAY 1 


eiTi8 erri7 BIT14 BIT114 BIT7 BITS | BIT4 Ea ei | aint ‘ BITO 


erT37 Eicd errs  eiT34 BIT33 | BIT32 | BIT31 | BITSO | BIT29} BIT28 | BIT27 BIT24 | BIT23 | BiT22 | BIT21 | BrT20 iris 


EEPROM ARRAY 2 


bea So no Ca Pac eC cS 


ene ee ee ee 


EEPROM ARRAY 3 


 BT18 |  rr47 | are | BIT15 | BIT14 BIT13 | BlT12 | BIT11 BIT9 BIT6 | BITS | BIT4 | BITS ire | irs | | arto | 
SPF13|] SPF12|/SPF11|SPF10|SPFO9)| SPFO8 | SPF07|SPFO6|SPFO5 | SPF04 |SPFO3|SPFO02|SPFO1| FR20 | FR21 FR1O |} FR11] FR12 


T97 | 81796 8179s | BIT34 | BIT33 | BIT32 | BIT31 | BIT30} BIT29 | BIT28 | BIT27 | BIT26 | BIT25 | BIT24 | BIT23 arree | era! | ras | 81720 |  Bir19| 


SPF32! SPF31| SPF30] SPF29| SPF28|SPF27 srr SPF24| SPF23|SPF22!]SPF21|SPF20| SPF19|SPF18|SPF17|SPF16|SPF15! SPF 14 


MCD469 


AOO represents the MSB of RIC A, BOO is the MSB of RIC C, etc. 
FR10 represents the MSB of Frame 1 (valid for RICs A and B), FR20 is the MSB of Frame 2 (RICs C and D). 


Fig.17 EEPROM memory organization. 
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address decimal value 
(example: RIC A) 
RICA=12468 


binary equivalent (18 + 3 bit available) 
000000011000010110100 


EEPROM Allocation 


AO0O | AO1 | A02 | AO3 | AO04 | AOS A08 Al2 | A13 | A14} A15 | A16 


FR10/ FR11 


pape MCD470 





AO0 is the MSB of RIC A, FR10 is the MSB of Frame 1. 


Fig.18 Decimal address to memory contents conversion example. 





Description of the Special Programmed Function (SPF) bits 


The following features can be selected by appropriate programming of the special programmed function bits as shown 
in Table 9. 





Alert-only mode 
512 bits/s data rate 


32768 Hz crystal configuration. 
SPF04, SPFO5 
00 
01 
10 | 
11 


Receiver establishment time (depending on data rate). 
September 1994 1239 













Table 9 Special Programmed Function (SPF) bits. 












7.8 ms/512 bits/s; 53.3 ms/1200 bits/s. 
15.6 ms/512 bits/s; 6.7 ms/1200 bits/s. 
31.3 ms/512 bits/s; 13.3 ms/1200 bits/s. 
62.5 ms/512 bits/s; 26.7 ms/1200 bits/s. 
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SPFO6, SPF0O7 Duplicate call suppression time-out and out-of-range hold-off time-out. 
30 Ss. 
60 s. 
120 s. 
240 s. 
Voltage converter disabled, if SPFO1 = 1 (Display pager mode). 
Voltage converter enabled, if SPFO1 = 1 (Display pager mode). : 


Silent override on address C disabled. 

Silent override on address D disabled. 

Vibrator output disabled. 

Call termination criteria combination method (note 1). 


Call termination criteria defined by SPF 13. 
Numeric data deformatting, call termination on first uncorrectable codeword. 


SPF12 
Numeric data deformatting on function code 00 only, call termination on two 


SPF13 

ae uncorrectable codewords. 

SPF14 0 Duplicate call suppression disabled. 

ae § 

SPF15 Out of range indication at OL output disabled, hold-off period is zero regardless 
of SPFO6 and SPF07 setting. 

1 Out of range indication at OL output enabled, fRold-off period is according to 
SPFO6 and SPFO7 setting. | | 

SPF16 | Repeat alert disabled. 

— Repeat alert enabled. 


Call data output on OL disabled. 
Call data output on OL enabled. 

SPF18 bed Spare. 

[spr20t0SPF90___—-| _— | Spares. 

SPF31 0 Alerter frequency 2048 Hz. 

en oa Alerter frequency 2731 Hz. 

SProe 0 Frequency reference output 16384 Hz if SPFO1 = 1 (Display pager mode). 

le Frequency reference output 32768 Hz if SPFO1 = 1 (Display pager mode). 

Note 


1. Call termination on: 
First codeword immediately following address codeword uncorrectable. 












o>) 
o>) 








oO 
—_h 












: 













Two consecutive codewords uncorrectable. 
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EEPROM Write operation 


The program mode is entered in OFF status by setting the 
PD input LOW and the PS input HIGH ai any time. The 
program mode is left and normal operation resumed by 
either removing the power supply or setting the PD input 
HIGH after the 38" data bit while continuing to clock the 
PS input. The three EEPROM arrays can be programmed 
in any order. Selection of array is madé during the second 
and third pulse on the PS input. The program mode has to 
be left after programming of each array. 


After entering the program mode, keeping input PD LOW 
during the first pulse on PS selects Memory Write 
operation. After selection of the current array an erase 
cycle of duration tpew has to be carried out, during which 
the supply voltage at Vss input must be at least Vpe. 
Program data for the selected array is entered bit by bit 
using PD as data input and the rising edge on PS as data 
strobe pulse. See Fig.19 for timing during an EEPROM 
write operation. 


After the last bit a special write cycle of duration tpay has 
to be carried out again, during which the supply voltage at 
Vgs input must be Vpg. During conditions when the supply 


voltage is increased to Vpg the maximum DC ratings at Vie 


must not be exceeded. When the on-chip voltage 
converter is enabled a voltage regulator diode or a 
damping resistor of sufficiently low impedance has to be 
connected between Ve and Vgg to limit the voltage level 
at V-e¢ during program operation. 


EEPROM Read operation 


After entrance to the program mode, keeping input PD 
HIGH during the first pulse on PS selects Memory Read 
operation. After selection of the current array the 
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programmed data is output bit-by-bit using PD as data 
output. A positive edge on PS input switches to the next 
bit. See Fig.19 for timing during an EEPROM read 
operation. 


Read-back operation via Microcontroller Interface 


In display pager mode, the PCF5001 is capable of 
delivering the EEPROM contents to an external 
microcontroller using the serial interface outputs DO and 
DS. The EEPROM data transfer mode is selected by 
appiying a LOW to input ON and a HIGH to input SK while 
pulsing the SR input, and the interface is enabled (IE is 
HIGH). The data transfer is triggered by the falling edge on 
input SR. The transfer is organized as 15-byte transfers. 
The contents of each array are extended to 40 bits by 
trailing zeros. The EEPROM data transfer starts with array 
1, bit 0. A valid data bit at DO is indicated by a LOW-level 
on DS as shown in Fig.20. 


During EEPROM Read-back operation, the PCF5001 
configuration and the outputs FL, OL are undefined. 
After completion of the Read-Back operation, the 
PCF5001 will re-enter the programmed configuration. 


Voltage converter 


The PCF5001 contains a switched capacitor-type on-chip 
voltage converter, which can provide doubled supply 
voltage to the external microcontroller and display control 
devices. The microcontroller interface signals are level 
shifted accordingly. 


A capacitor of 100 nF (Cs) must be connected between 
pins CP and CN while a load capacitor of 10 uF is 
connected to V-e¢ aS Shown in Fig.22. The voltage 
converter operates in display pager mode only, when 
enabled by programming SPFO8 (see Table 9). 
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Fig.20 EEPROM data transfer to microcontroller timing. 


Test modes of the decoder 


The decoder supports two test modes, which are intended 
for use during pager production and type approval tests. 


BOARD TEST MODE 


Board test mode is selected by setting the PD input LOW 
at any time. In this test mode the following features are 
provided: 


1. 


2. 
3. 
4 


Receiver enable output is set constantly HIGH. 
Output AL is activated by a LOW-level on ON input. 
Output AH is activated by a HIGH-level on SR input. 


Outputs OL and OM are activated by a HIGH-level on 
SK input. 


Exit from board test mode is achieved by setting input PD 
HIGH. 


September 1994 


PAGER TEST MODE (TYPE APPROVAL MODE) 


Pager test mode is entered by reception of a valid call 
while board test mode is active, see above. In pager test 
mode: 


1. Call alert cadences are terminated after 2 seconds. 
2. Duplicate call suppression is disabled. 


Exit from pager test mode is achieved by disconnecting the 
power supply from the decoder. 
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LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER CONDITIONS 
Vsg supply voltage 


programming supply voltage 


input voltage on pins FL, DS, DO, OR, 
BL, Al, ON, SK, SR and IE 
input voltage on any other pin 


Vss 

VpG 

Vv 

VI 

Po [power aesinaton per cup 
fh 





maximum input current (any input) 


loimax) maximum output current 
any output except AL 
output AL 

T stg storage temperature 


Tamb operating ambient temperature 


Note 
1. Input Vpp is referred to as common, 0 V. 





DC CHARACTERISTICS 

Vop = OV; Vsg = -2.7 V; Viet = 2.7 V; “Fain S325 -C. 

Quartz crystal parameters: f = 76800 HZ; Remax) = 40 kQ; C, = 12 pF. 
Decoder Mode programmed as Alert-only (SPFO1 = 0). 


Vss supply voltage 
Iss supply current 


VpeG programming supply voltage 
programming supply current 


Vite LOW level input voltage Ai, ON, 
SR, SK and IE 
Vins HIGH level input voltage 
PD, PS, DI, BS, TS, TT and X1 
Vino HIGH level input voltage 
Al, ON, SR, SK and IE 


Vind LOW level input voltage 
PD, PS, DI, BS, TS, TT and X1 
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input current 
BS, PS, TS and TT Vi = Vpp 
PD Vi = Vss ; 
DI Vi = Vpp; RE = 0 : 
DI 4 Vi = Vpp; RE = 1 
ON and SK V; = Vss : 
_ AlandSR Vi = Vop 





















input capacitance BS, DI, PD, 2 


PS, TS, TT, Al, ON, SR, SK, IE i 
100 
100 
17.5 mA 
uA 









LOW level output current 
OL, OM and AH 
DO, DS, BL, FL and OR 
AL 
RE 
HIGH level output current 
OL, OM and AH 
DO, DS, BL, FL and OR 
AL 
RE 


Oscillator 










| 
lo 
OH 





and X1 
Von = -1.35 V : | 
Von = -1.35 V 
AL high-impedance 
Vou = -0.5 V i 


output capacitance X2 saa 
oscillator transconductance Vssg = -1.5V 
Veg = -6.0V 


Veu power-up reset threshold 
voltage 


Notes 





40 
29 
39 





V 


a 


Ea 
43 [us 
55 [ns 


2. See Section “EEPROM Write operation’ and Chapter “Limiting values” for limitations of Ve, when programming while 
the voltage converter is enabled. 


1. Allinputs = Vgs; voltage converter off; all outputs open-circuit. 
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DC CHARACTERISTICS (WITH VOLTAGE CONVERTER) 

Vpop = 0 V; Vsg = -3.0 V; Vie¢ = -6.0 V3 Tamb = 25 °C. 

Quartz crystal parameters: f = 76800 HZ; Remax = 40 kQ; Cy = 12 pF. 
Decoder Mode programmed as Display Pager (SPF01 = 1). 

Voltage converter enabled (SPF08 = 1); C, = 100 nF. 


Vex [swepyvotage—SOSsC—C“‘idS*‘“‘CSC™#*é‘CS‘*CCANS’:«C<dSSSC(‘“‘i 


Voltage converter 
output voltage; no load Vgg = -3.0 V 
output voltage Vsg = -2.0 V3 lrep = 250 WA -3.5 


input current 
Al, ON, SR and SK 


ON and SK 
SR 









AC CHARACTERISTICS 

Von = 0 V; Vee=—2.7 V; Tanh = 25 2G: 

Quartz crystal parameters: f = 32768 or 76800 Hz; Remax = 40 kQ; Cy = 12 pF. 
Decoder Mode programmed as Display or Alert-only Pager (SPFO1 = 1 or 0). 


SYMBOL PARAMETER CONDITIONS | min. | TYP. | MAX. 


Alert frequency 


alert frequency SPE31.=0 
high alert warble frequency 
= 1 























L 
fet 
SPFES2 


Call alert duration 


alert time HIGH (AH and AL 


outputs) 
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low alert warble frequency 








frequency reference FL 
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non [epee recurenootme —feeFest 
ince ferestaenowietne | 
ino forearms auton 
isin [eeuwaertne we 
for _[sateaen cei ieee 
= 
= 
= 
= 
= 





Start-up alert time 


out-of-range alert pulse width see Fig.12 
torn out-of-range alert time see Fig.12 
battery LOW-level alert time 


Receiver control 


oe = 
RE establishment time SPF04 = 0; SPFO5 = 1 


Data output 


foo Jewmonpmme 
roo _[oeeoupvanstontme [C= 1opreeFar [= 

















































see Fig.15 





= 
= 
a 
few __fooseeuwennedeay 
few [reccodevergdeay [7200 Dw nanene message foal [= 
fer___[Rateondionsetupine —fawerors (ASE 
for __[sopeonatonsetupime —[eeeFats RS - 
json (SPFowpaaey ——feeoraa 
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TIMING CHARACTERISTICS 

Vop =0V; Vss =-2.7V; Teena ao G. 

Quartz crystal parameters: f = 32768 or 76800 Hz; Remax) = 40 kQ2; C_ = 12 pF. 
Decoder Mode programmed as Display or Alert-only Pager (SPFO1 = 1 or 0). 


SYMBOL PARAMETER CONDITIONS | MIN. | TYP. | MAX. | UNIT 


Operating frequency dependent ~« 


osc oscillator frequency SPFO03 = 0 . 
SPFO3 = 1 











os 






data input transition time 


a! 
eo 
ee see 
CS 
fawiptioge 
bit period - 1.9531 
a 
nee. 
ZT 
a 
ay 
a 





-- or m= 
oO oO a 
Ss |= |9 






— 

ee 

4 
=| 








tow codeword duration 


fc SPF02 = 1: fose = 76800 Hz 


tpa preamble duration 


teat batch duration 


Alert only mode (SPF01 = 0) | 


Display pager mode (SPF01 = 1); see Figs 6 and 7 


tsTp Status set-up time 


=| 


= 


=| 
77) 


=| 
” 


Ss 
oe) 
eo) 
N 
o1 
a 
a| a! Fl @ a] ® 
— 
ie?) 
































tstp status change delay 


ten interface enable hold time 
tstH status hold time 
tspp status pulse duration 






fose = 76800 Hz 
15 
15 
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PROGRAMMING CHARACTERISTICS 

Vpp = OV; Vsg = Vpg = —5.0 V; (See notes 1, 2 and 3); Vres = Vgg; pins 2 and 3 open-circuit; Tamp = 25 °C. 
Quartz crystal parameters: f = 32768 HZ; Remax = 40 kQ; Cy = 12 pF. 

Decoder in OFF status. 


SYMBOL 


Programming; see Fig. 19 


—————— 
few _fosotwasremieney 
a 


tee 


tpso 





Notes 
1. Vgg = Vpg only required during erase/write (tpew in Fig.19), otherwise Vsgminy = -—1.5 V. 
2. Maximum voltage for programming (Vp¢) is —5.5 V. 


3. See Section “EEPROM Write operation’ and Chapter “Limiting values” for limitations of V,;., when programming while 
the voltage converter is enabled. 


4. EEPROM programming is also possible at higher frequencies (76.8 KHz or 153.6 kHz). The timings shown then 
become proportionally smaller. 
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POCSAG paging decoder | PCF5001 
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Preliminary specification 


PCF5081/PCF5082 


GSM Baseband Signal processors 


The PCF5081 and the PCF5082 are 
integral parts of the complete chip-set 
provided by Philips for the 
pan-European digital mobile cellular 
telephone system. The PCF5081 and 
PCF5082 are key elements for GSM, 
each performing all the baseband 
signal processing tasks. Because of 
their high-level of architectural 
modularity, these processors can easily 
be adapted to market requirements in 
respect to both hardware and software. 


Baseband 
Interface 


PCD5070 


Synchronization Monitoring 
k= 


| 
Digital Baseband Function - | 
PCF 508x ! 

| 

| 


The PCF5081 (with ROM) is intended 
for use in GSM handsets, the PCF5082 
(ROM-less) for implementation in the 
base station. These processors are 
also considered as the first devices of 
an entire product line introduced as 
PCF508x. This family provides 
powerful computational capabilities 
which supports the highly sophisticated 
baseband signal processing required 
by GSM. 


Handset 


Speech 
Decoder 


Nu 


Control Data RX 


System 
Contoller 
Interface 


Signal path in a GSM Mobile 
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The different tasks performed in the 
baseband signal path of the 
GSM-system are carried out by 


means of software partitioned 
program modules in the signal 
processor. This implementation is 


supported by Application Specific 
Hardware (ASH) to speed up 
execution and overall performance. 


Viain Features: 


16-Bit fixed point double 

precision architecture 

40MHz master clock 

20MHz internal clock (50ns instr.cycle) 
Fully pre-programmed modules for 
GSM baseband tasks.* 


Dedicated processor optimized for: 


Ee oe ch. 


- Equalization function 
- Channel Coder/Decoder 
- Encryption/Decryption 


C 


C) Several fevels of interrupts 


C] Event counter 
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Power-down mode with wake-up facility 


Preliminary specification 


PCF5081/PCF5082 © 


This partitioning between software 
and hardware for the different 
processing tasks has_ been 
implemented as a trade-off between 
dedicated hardware and software to 
provide fast execution with an 
optimal level of flexibility. 


1 Asynchronous serial /O -X- 


1253 


Sophisticated serial I/O -Y- supporting 
both asynchronous and synchronous 
communication (i.e. GCl, PCM highway 
etc.) 


8-Bit parallel system controller 
interface supporting both request and 


acknowledge driven communication. 


Boundary scan facility 
Build-in self test (BIST) 


Self-Aligned-Contacts CMOS (SACMOS) 
technology with very high design density 


External memory interfaces for both 
data and program memory “* 


Boot-strap facility* * 


* on PCF5081 only 
** on PCF5082 only 
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Controller 
Interface 


System = PCF 5081 


Purpose 


General- F 
VO 


Serial 
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SIYEn 
SIYROn 
Ssivyo 
SIVCLK 


-X- 


SOYEn 


ps xX 


Controller 
Interface 


System e 3 PCF 5082 


Purpose 


General- ; 
VO 


Signal I/O of the PCF 5082 
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& 
Control 


Philips Semiconductors RF Communications Products 


Preliminary specification 





GSM baseband processors for digital mobile 
cellular radio 


PCF5081/PCF5082 





Signal Description 





Mnemonic Type 


CLKI 


CLKO 


CLKOUT 


ECLK 


HA[1:0} - 


PACKn 


HCEn 


HD{7:0] 


PIRQn 


PORQhn 


HWRn 


1ACKn [2:1] 


IRQn{2:1} 


1O[4:1] 


RSTn 
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O** 


o*’ 


oO” 


B*** 


_ Active low, : 


Function 


Crystal or clock input. Input clock 
at twice the frequency of intemal cycle. 















SIXCLK 


SIXD 
Crystal output 
SIXEn 
Synchronization clock. Output clock at half of 
the frquency of CLKI. SIXRQn 
Event clock to count external events. The 
frequency of this input signal is limited to 1/4 of 
the CLK! if the duty cycle is 50%. 


SOXCLK 


SOXD 
Host address bus. The address signals are 
used to select the source or destination of the 
data on the data bus HD. These signals must 
be stable before the enable signal HCEn is — 
asserted. 


SOXEn 
SOXRQn 
Output signal to acknowledge data on the data 


bus HD if the acknowledge mode is enabled. 
Acitve low. 


SIYCLK 


SIYD 
Global chip enable signal for the host interface. 


SIYEn 
Bidirectional host data bus, 8 bit wide. The high 
or low byte of the 16 bit I/O buffer registers are 
read or written via this port depending on the 
signals at the address bus HA[1:0} SIYRQn 
Data input request signal. Active low. The 
signal requests data for input if the request 
mod is enabled. K is driven low if the infput 
buffer register is empty. 


SOYCLK 


SOYD 
Data output request signal. Active low. The 
signal requests for data to be read by the 
extemal device if the request mode is enabled. 
It is driven low if the output buffer register is 
full. 


SOYEn 


Write signal. Active low. The signal controls the 
direction of the data transfer on the data bus 
HD [7:0}. When fow, data are written by 
external device. 


SOYRQn 


TCK 
External interrupt request acknowledge signals. 
Active low. The signals are set low if the relate 
request is serviced. It is set high if the related 
flag Is cleared. 


TD] 


External interrupt request signals. Active low 
and edge triggered. If low, the related interrupt 
is requested. It will be acknowledged if the 
related interrupt is enabled. 


TDO 


TMS 


General VO pins. They have open drain output 
and a pull-up resistor. The states of these pins 
are reflected by four bits in a control register. 
The pulse width of an input signal has to be at 
least two Intemal processor cycles until a 
change will be frecognized in the control 
register. 


TRSTn 


Reset signal, low active. A high-to-low 
transition causes entry into reset state. A 
low-to-high transition causes execution to begin 
at program memory location 0 or booting. 
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Mnemonic Type 


ot 


O* 


| 


O* 


O* 


o°"* 





Function 


Serial input clock port X. Asynchronous. 


Serial input data port X. Data are shifted 
into the input shift register X. 
Serial input enable port X. Active low. 


Serial input data request, port X. Hand- 
shake signal. Active low. 


Serial output clock port X. Asynchronous. 


Serial output data port X. Data are shif- 
ted out of the ouputt shift register X. 


Serial output enable port X. Active low. 


Seria! output data request, port X. Hand- 
shake signal, active low. 


Serial input clock port Y. Asynchronous 
clock. 

Serial input data port Y. Data are shifted 
into the input shift register Y. 


Serial input enable port Y. Active low. 
Frame sync. signal in synchr. mode. 
Active high. 


Serial input data request, port Y. 
Handshake signal, active tow. Not used ir 
synchr. mode. 


Serial output clock port Y. Asynchronous. 


Serial output data port Y. Data are shifted 
out of the output shift register Y. 


Serial output enable port Y. Active low. 
Serial output data read back for collision 
detection in synchr. mode. 


Serial output data request, port Y. 
Handshake signal, active low. Not used ir 
synchr. mode. 


JTAG signal. Test clock. Free running 
clock active rising edge. 


JTAG signal. Test data input. Shifted in 
with the rising edge of TCK 


JTAG signal. Test data output. Shifted ou 
with the falling edge of TCK. 


JTAG signal. Test mode select. 


JTAG signal. Test interface reset. Active 
low. When setting low, the TAP controller 
will be reset Independently from the 
processor. 
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Signal Description 


Mnemonic Type Function Mnemonic Type Function 














MA[15:0} oO” Data address bus for addressing up PD[15:0] ) B Data bus for external program memory, 
to 64k x16 bits. 16 bit wide. 
1 . ‘ 
MD[15:0] mB Bidirectional 16 bit data bus PDsn Oo Data strobe signal for external program 
_ connection to external data ‘ memory. Active low. 
memory. PWRn O Write signal for external program memo- 
MDSn O* Data strobe signal for external data ry. Active low. When low, data is written. 
memory. Active low. i When high, data is read. 
MWRn 1 O* Write signal for external data memory. |P!Vn 0 Output signal to support emulation. Active 
Active low. When low, data is written. low. 
When high, data Is read. 
1) O* Address bus for external program eae ; 
memory address up to 64k x 16 *: 3-state during wna OPON Grain output. 
locations. > Open drain output and 


O: Output signal 


I: Input signal 3-state during reset. 


B : Bidirectional signal. 
1) : PCF5082 only. 
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Application of the PCF5081 


This PCF5081 is designed to be used in To allow flexible use of the different 
the GSM mobile station. All the pre-programmed modules, the 
necessary baseband signal processing sequence of the baseband tasks is 
algorithms specified by the defined by the system controller by 
GSM-recommendations pertaining to means of a circular tasks buffer. As 
the mobile station can be performed by —_ soon as no task is left, the baseband 
_means of this single chip. processor enters a power-down mode 
| - to minimize current consumption. 

The PCF5081 has on-chip memory 

(ROM) containing program modules for 

the different tasks implemented in 

firmware. A_ suitable amount of 

data-RAM/ROM is provided on-chip. | 


‘| 
| 


Baseband 
Interface 


PCF5081 Serial_y. 
| Serial _y. 


in 


| ra 
| System General | ! System- | 
Controller Purpose clock & | 


| 
Interface 1/0 control Controller | 


control signals 


control bus 


Typical application of the PCD5081 in a GSM-Mobile Station 
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The main tasks to be performed by the 
baseband processor are the following: 


- Equalization 

- Channel encoder/decoder 

- Speech encoder/decoder 

-Encryption/Decryption . 

- Initial synchronization and monitoring 
of adjacent base station. 


The architecture of the PCF5081 base- 
band processor was not designed for a 
single task within the baseband signal 
processing (eg. speech encoder/ 
decoder), but rather to optimally 
accomplish all the necessary 
processing tasks. Special attention 
was placed on the equalization 
function where viterbi algorithm (MLSE 
receiver) and soft decision output code 
(4 bit coding) contribute to an optimal 
receiver algorithm in contribution with 
the channel decoder. 


To be able to face up to the most 
severe conditions (hilly environment) a 
67 algorithm is in preparation. 
Moreover, the equalization coefficients 
are continually updated during a burst 
to allow use of the mobile radio in 
vehicules travelling at very high speed. 
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The channel coder/decoder is capable 
of handling the speech Traffic Channel 
(TCH), the Fast and the Slow 
Associated Control Channel (FACCH 
and SACCH), the Random Access 
Channel (RACH) the Broadcast 
Control Channel (BCCH), the Paging 
Channel (PCH), the Access Grand 
Channel (AGCH), the synchronization 
Channel (SCH) and data transfer at all 
rates according to GSM Rec. 5.03. 


The channel decoder is performed by 
viterbi algorithm based on soft decision 
equalizer output and by use of large 
path memory (up to 32 bits) for the 
MLSE algorithm. 


The speech encoder/decoder function 
includes voice activity detection, 
discontinous transmission as well as 
comfort noise insertion and generation. 
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The user-dataflow takes place via The architecture of the PCF5081 
the serial interfaces X and Y. The can be split into two major sections. 
X-interface looks in the direction of The processor core consists of all 
the frontend to the baseband the arithmetic units necessary to 
interface (e.g. the Philips PCD5071) carry out the calculations as well as 
and the Y-interface is connected to access memories containing data 
the handset of the mobile. and program information. The 
application specific hardware is also 
The control-dataflow is transmitted part of the core. The periphery 
via the system controller interface, consists of all the necessary 
the general purpose I/O pins, and interfaces as well as the interrupt 
other I/O available as part of the and powerdown/wake-up facilities. 
processor's periphery. The control 
data and signals are normally Internal data between these two 
provided by the system controller of sections is exchanged via a global 
the mobile. data bus. 







PERIPHERY 


| GSM Application Specific Hardware (ASH) 






INTERRUPT 
POWERDOWN 
WAKE UP 


SERIAL I/O X 
| SERIAL 1/0 Y | 


HOST INTERFACE 
JTAG | 




















Global 
SIGNAL PROCESSOR CORE 





Data Bus 










GSM Application programs 


Blockdiagram of the PCF5081 
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Application of the PCF5082 


This version is targetted for use in GSM The PCF5082 contains 1k x 16 bits 
base station systems (BSS) as well as or program-ROM used for Built-In 
for real-time emulation purposes during Self Tests (BIST), boot-strap and 
software development and emulation routines. External 
debugging. 4 program memory (ROM/RAM) up 

to 63k x 16 bits can be connected 
ROM to run application programs. 


_As the baseband processing within a 
base station requires a certain degree 
of flexibility, the PCF5082 can externally 
address memory dedicated for the 
application program and user data. 


ee ee a, 


| Baseband 


Interface 


& | PCF5082 


Serial Serial 
out “X- in ss 


| 
L 


Serial xX. Serial _y. hones 
in out joystem- 


Host gen.purp. clock & Controller | 
interface vO control L_ | 


ww eee cee eee 





control bus 





Possible application of the 
PCF5082 in a GSM-Base Taranceiver Station (BTS) 
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RAM 
To keep the overall system costs The architecture of both the PCF5081 
low, 2k x 16 bits of on-chip data - and the PCF5082 can be split into 
RAM is provided. This range can two sections: processor core and the 
be extended by external devices periphery. The PCF5082 processor 
(RAM/ROM) up to the-maximum | core contains on-chip boot-strap 
value of 64kx16 bits. of data facility, no user-program-memory and 
memory. its periphery has additional memory 
interfaces to connect external 
OTHERS memories for both user-data and 


application programs. 
In the switching centre (MSC) the 


data streams of each of the eight These are the main differences 
channels are merged to a between both the PCF5081 and the 
PCM-highway data-stream (2Mb/2) PCF5082. 
via a multiplexer (MUX) and vice 
versa via the BTS link interface The boot-strap facility is an additional 
(BLI). The serial interfaces Y of functionality of the PCF5082 allowing 
each of the processors are used for convenient downloading of 
for this data flow. In the frontend of application programs to the external 
the radio terminal (RT), each program memory (RAM) under the 
channel can be connected to a control of a host. Several sources for 
common baseband _ interface such a download can be selected by 
PCD5070 via a multiplexer (MUX) the user. 
and a demultiplexer (DEMUX), . 
respectively. The serial interfaces Due to the fact that application 
X of each of the processors are programs are stored or downloaded 
used for this data flow. into external program memory, a 
External memories containing | large degree of flexibility is offered to 
user-data and = application the base station system designer. 
programs are connected. As in the 
PCF5081, the same interfaces are Similar to the PCF5081, the PCF5082 
used for control-data and contains application specific 
control-signal flow. hardware to speed up the execution 
of the baseband signal processing 
algorithms. 
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~ 


There are several partitionings 
possible with respect to the 
_ different tasks which have to be 
performed. For instance, the 
baseband processing can be done 
by separating receiver and 
transmitter functions: and using 
one PCF5082 for multiple 
time-slots (channels) within a 


In a typical application the 
PCF5082 is used for the baseband 
signal processing in a 
radio-terminal (RT) of a GSM Base 
Transceiver Station (BTS). Since 
the RT must serve all eight 
time-slots (channels) within a 
TDMA-frame, eight separate 
baseband signal-paths have to be ~ 


TDMA-frame. Alternatively, the 
receiver and transmitter functions 
can be kept together and one 
PCF5082 used for processing 
both directions simultaneously. 


used in parallel. 


IPHE 

GSM 
Application 
Specific 
Hardware 


Interrupt 
Power Down 
Wake up 


Serial I/O X 
Serial I/O Y 


Host interface 


JTAG 


Interface 


Block diagram of the PCF5082 
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/O-Port Descriptions 


Parallel Host Interface 


The parallel port provides an 8-bit 
bidirectional link to a host or other 
external device. It is designed as a 
passive port, i.e. the external device 
has to be active in order to access the 
registers of the port. The 
communication takes place via 16-bit 
wide I/O registers with the aid of 
several control signals. The upper 
and lower bytes of these registers can 
_ be accessed independently. 


Two flags are generated (input 
register full, output register empty) 
supporting efficient I/O-handling. 
Whether it is the high byte or the low 
byte which generates the flag setting 
is programmable. 


By providing several control signals to 
the external controlling device, this 
parallel interface is very flexible and 
supports request-driven as well as 
acknowledge-driven communications. 
The selection is done by the externa! 
device by means of a status register. 
This register is exclusively dedicated 
to the external device and can be 
read or written. 


serial Interface X 
This is a bidirectional 16-bit serial I/O 


which allows for simultaneous data 
communication in both directions. 
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During write operations, data is shifted 
serially into an input shift register. After 
termination of the shift operation the 
contents of the shift register is loaded in 
parallel into an input buffer register. This 
allows for a continous data stream 
transmission. A flag is generated 
indicating the input buffer register is full. 
The input port has a fully asynchronous 
handshake capability. 


During read operation data is serially 
shifted out of an output shift register. After 
termination of the shift operation the 
output shift register is reloaded by an 
output buffer register. During a write 
operation it allows for a continous data 
stream transmission and autonomous 
operation. A flag is generated indicating 
the output buffer register is empty. The 
output port has a fully asynchronous 
handshake capability. 


rial Interf Y 


The second serial interface Y covers the 
same functionality as the serial interface 
X. In addition, the serial interface Y meets 
several synchronous transfer protocols 
such as PCM-Highway or General 
Communication Interface (GCl). Control 
registers are provided to select up to 16 
data words in a frame from the synchro- 
nous data stream. A collision detection 
unit supports collision detection on the 
output data stream. It is possible to select 
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the bits in a data word which are 
considered for collison detection. If a 
collision occurs, an error flag will be set 
which can be used for interrupt processing 
allowing for efficient error recovery. 


General Purpose I/O pins ks 


Four bidirectional general purpose I/O pins 
are provided as an additional interface to 
external devices. The state of these pins is 
reflected in 4 bits of a control register. A 
write operation to this register causes the 
appropriate values to appear as output 
signals on the related pins. With a read 
operation the incoming signals can then be 
recognized. 
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JTAG Interface 


The processors provide a standardized test 
access port which is fully compatible with 
the IEEE 1149.1 standard. Each time the 
command NMI is provided to the JTAG 
interface, a non-maskable interrupt is 
generated and fed to the interrupt unit of 
the processor-core. A jump to a 


-non-maskable interrupt service routine will 


follow as a reaction. The interface provides 
two I/O registers to the external controlling 
host. These register are also fully 
accessable by the processor core which 
allows for data exchange between an 
external device and an een program, 
or service routine. 


Several commands to support testing of the 
device are provided by the JTAG interface, 
including Boundary- Scan. 
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Peripheral Functions 
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Power-down mode 


This mode is entered .by executing a 
specific instruction in the application 
program. It switches the processors into a 
_dormant state where only a fraction of the 
power dissipation is needed as compared 
with normal operation mode. The internal 
clock is stopped and only some 
synchronization and clock registers are 
operating. 


Wake-up mode 
The power-down mode is terminated if an 
/O flag occurs and the related wake-up 


mode is enabled by the application 
program. 


Interrupts 


There are 13 different interrupt sources pro- | 


vided by the processors: 


1 non-maskable interrupt initiated by a 
JTAG port instruction. 


2 external interrupts initiated by external 
devices. 


6 internal interrupts initiated by the 
processor's 1/O devices. 
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1 internal interrupt initiated by the 
collision detection unit of the serial 
interface Y. 


2 internal interrupts initiated by certain: 
conditions in the arithmetic unit. 


1 internal interrupt initiated by the 
event-counter. | 


n ner 


A 16-bit event counter is provided as an 
additional peripheral function. The 
counter can be loaded by the application 
program and will be decremented every 
rising edge of the external signal ECLK, 
indicating an event to the counter. 


ECLK is synchronized to the internal 
processor clock.and is limited to half the 
frequency of this clock. Each time the 
counter detects a zero value, a flag is 
generated which can be used as an 
interrupt source. The counter will then 
automatically be reloaded with the start 
value which is stored in a buffer register. 
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Sound fader control circuit TEA6320 
FEATURES GENERAL DESCRIPTION 
e Source selector for four stereo and The sound fader control circuit 
one mono inputs TEA6320 is an I?C-bus controlled 
e Interface for noise reduction circuits stereo preamplifier for car radio hi-fi 
e Interface for external equalizer sound applications. 





e Volume, balance and fader control 

e Special loudness characteristic 
automatically controlled in 
combination with volume setting 

e Bass and treble control 

e Mute control at audio signal zero 
crossing 

Fast mute control via I?7C-bus 

e Fast mute control via pin 

e |?C-bus control for all functions 

e Power supply with internal 
power-on reset 


QUICK REFERENCE DATA 


SYMBOL| PARAMETER | CONDITIONS, | MIN. | TYP. | MAX.| UNIT. 
[Voc [postive suppiyvotage | SSC~*~“~*‘“~*rS:«*«S «LVS 
lec supply current Vcc = 8.5 V 26 mA 
Gstep ‘| Step resolution (volume) 

; 
= ts |= [ee 
(S+N)/N | signal-plus-noise to noise ratio | Vo = 2.0 V; Gy = 0 dB; unweighted 105 dB 


[ts _| channel separation [250Hzsf<1OkHziGy-00B [90 | 96 |- [dB 
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ORDERING INFORMATION 


PIN 


TEA6320 SDIL SOT232AG 





EXTENDED 
TYPE NUMBER 
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PINNING 


DESCRIPTION 
serial data input/output 





output left rear 

output left front 

treble control capacitor left channel or input from an 
external equalizer 

bass control capacitor left channel or output to an 
external equalizer 


bass control capacitor, left channel 
input volume lI, left control part 
input loudness, left control part 
output source selector, left channel 
input D left source 

mute control 

input C left source 

input mono source 

input B left source 

input A left source 

input A right source 

input B right source 

electronic filtering for supply 

input C right source 

reference voltage (0.5Vcc) 

input D right source 

output source selector right channel 


input loudness right channel 
input volume I, right control part 
bass control capacitor right channel | 


B2R 27 bass control capacitor right channel or output to an 
external equalizer 
external equalizer 
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TEA6320 


MED422 


TEA6520 


Fig.2 Pin configuration. 
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FUNCTIONAL DESCRIPTION 


The source selector selects one of 4 
stereo inputs or the mono input. The 
maximum input signal voltage is 

Vi (RMS) = 2 V. The outputs of the 
source selector and the inputs of the 
following volume control parts are 
available at pins 8 and 10 for the left 
channel and pins 23 and 25 for the 
right channel. This offers the 
possibility of interfacing a noise 
reduction system. 


The volume control function is split 
into two sections: volume I| control 
block and volume II control block. 


The control range of volume | is 
between +20 dB and -31 dB in 
steps of 1 dB. The volume Ii control 
range is between 0 dB and —55 dB 
in steps of 1 dB. Although the 
theoretical possible control range is 
106 cB (+20 dB to —86 dB), in 
practice a range of 86 dB (+20 cB to 
—66 dB) is recommended. The 
gain/attenuation setting of the 
voiume | control blocks is common 
for both channels. 


The volume | contro! blocks operate 
in combination with the loudness 
control. The filter is linear when the 
maximum gain for the volume | 
control (+20 dB) is selected. The 
filter characteristic increases 
automatically over a range of 32 dB 
down to a setting of —-12 dB. That 
means the maximum filter 
characteristic is obtained at -12 dB 
setting of volume |. Further 
reduction of the volume does not 
further influence the filter 
characteristic (see Fig.5). The 
maximum selected filter 
characteristic is determined by 
external components. The proposed 
application gives a maximum boost 
of 17 dB for bass and 4.5 dB for 
treble. The loudness may be 
switched on or off via I?C-bus 
control (Table 7). 
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The volume | control block is 
followed by the bass control block. 
A single external capacitor of 33 nF 
for each channel in combination with 
internal resistors, provides the 
frequency response of the bass 
control (see Fig.3). The adjustable 
range is between —15 dB and 

+15 dB in steps of 1.5 dB at 40 Hz. 


Both, loudness and bass control 
result in a maximum bass boost of 
32 dB for low volume settings. 


The treble control block offers a 
control range between —12 dB and 
+12 dB in steps of 1.5 dB at 15 kHz. 
The filter characteristic is 
determined by a single capacitor of 
5.6 nF for each channel in 
combination with internal resistors 
(see Fig.4). 


The basic step width of bass and 
treble control is 3 dB. The 
intermediate steps are obtained by 
switching 1.5 dB boost and 1.5 dB 
attenuation steps. 


The bass and treble control 
functions can be switched off via 
I?C-bus. In this event the internal 
signal flow is disconnected. The 
connections B2L / B2R are outputs 
and TL/ TR are inputs for inserting 
an external equalizer. 


The last section of the circuit is the 
volume II block. The balance and 
fader functions are performed using 
the same control blocks. This is 
realized by 4 independently 
controllable attenuators, one for 
each output. The control range of 
these attenuators is 55 dB in steps 
of 1 dB with an additional mute step. 


The circuit provides 3 mute modes. 
1) Zero crossing mode mute via 
I°C-bus using 2 independent zero 
crossing detectors (ZCM, see 
Tables 2 and 9 and Fig.15). 

2) Fast mute via mute pin 

(see Fig.9). 
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3) Fast mute via I°C-bus either by 
general mute (GMU see Tables 2 
and 9) or volume II block setting 
(see Table 4). | 

The mute function is performed 
immediately if ZCM is cleared 
(ZCM = 0). If the bit is set 

(ZCM = 1) the mute is activated after 
changing the GMU bit. The actual 
mute switching is delayed until the 
next zero crossing of the audio 
frequency signal. As the two audio 
channels (left and right) are 
independent, two comparators 
(window deteciors) are required to 
control independent mute switches. 


To avoid a large delay of the muting 
switching when very low frequencies 
are processed, the maximum delay 
time is limited to typically 100 ms by 
an integrated timing circuit and an 
external capacitor (Cm = 10 nF, see 
Fig.9). This timing circuit is triggered 
by reception of a new data word for 
the switch function which includes 
the GMU bit. After a discharge and 
charge period of an external 
capacitor the muting switch follows 
the GMU bit if no Zero crossing was 
detected during that time. 


The mute function can also be 
controlled externally. If the mute pin 
is switched to ground all outputs are 
muted immediately (hardware 
mute). This mute request overwrites 
all mute controls via the I@C-bus for 
the time the pin is held low. 

The hardware mute position is not 
stored in the TEA6320. 


For the turn on/off behaviour the 
following explanation is generally 
valid. To avoid AF output caused by 
the input signal coming from 
preceding stages, which produce 
output during drop of Vcc. The mute 
has to be set, before the Vcc will 
drop. This can be achieved by 
1?C-bus control or by grounding the 
mute pin. 
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For use where there is no mute in 
the application before turn off, a 
supply voltage drop of more than 
1 x Vee will result in a mute during 
the voltage drop. 


The power supply should include a 
Vcc buffer capacitor, which provides 
a discharging time constant. If the 
input signal does not disappear after 
turn off the input will become audible 
after a certain time. A 4.7 kQ 
resistor discharges the Vcc buffer 

”“ capacitor, because the internal 
current of the IC does not discharge 
it completely. 


LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134 


[SYMBOL| PARAMETER —_| CONDITIONS| MIN. | MAX. | UNIT. 
Voc [Suppyvoltage | Cid 


Vcc 

Tamb operating ambient 40 |+85 [°C 
temperature range 

Ves 

Vn 






< 


to] 








+ 







Ves ___|electrostatichanding _—|seenoter | | | 


voltage at pins: pin 1 to 2 Veco |V 
and 3 - 32 to2 


Note to the limiting values 


1, Human body model: C = 100 pF; R=1.5kQ;V>2kV 
Charge device model: C = 200 pF; R=02;V2>500V 


> 
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The hardware mute function is 
favourable for use in RDS (Radio 
Data System) applications. The zero 
crossing mute avoids modulation 
plops. This feature is an advantage 
for mute during changing presets 
and/or sources (e. g. traffic 
announcement during cassette 
playback). 
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CHARACTERISTICS 
Voc = 8.5 V: Rs = 600 Q, Rr = 10 kQ, Ci = 2.5 nF, AC coupled; f = 1 KHz; Tamb = +25 °C; gain control Gy = 0 dB; 
bass linear; treble linear; fader off; balance in mid position; loudness off; unless otherwise specified 


[SYMBOL | __ PARAMETER | CONDITIONS | MIN. | TYP. | MAX. | UNIT 
ee 


‘lec —s | supplycurrent = /supplycurrent 


internal DC voltage at inputs and a4 = = 38 
ourpluls 


|G —__| maximum voltage gain Rs = 09; Ri = 19 oe 


Vo(RMS) output voltage level for 
Pmax at the power output stage 


start of clipping 




















THD < 0.1%; see Fig.10 
THD = 1% 

Re =2 kQ; Ci = 10nF; 

| THD =1% 




















CkIN = 220 nF: 
Cxv_ = 220 nF; 

Zi= Zi min 

low frequency (—1 dB) 
low frequency (—3 dB) 
high frequency (—1 dB) 
Cxin = 470 nF; 
Cxvi = 100 nF; 

Zi= Zi typ 

low frequency (-3 dB) 


channel separation Vi = 2 V; frequency range 
250 Hz to 10 kHz 


total harmonic distortion frequency range 
20 Hz to 12.5 kHz 


Vi = 100 mV; Gy = 20 dB 
Vj = 1000 mV; GY = 0dB 
V; = 2000 mV; Gy =0dB 
| Vi = 2000 mV; Gy = -10 dB 
ripple rejection VRMS) < 200 mV 

f= 100 Hz 

f = 40 Hz to 12.5 kHz 
signal-plus-noise to noise ratio unweighted; 
20 Hz to 20 KHz RMS; 
Vo = 2.0 V; see Fig.6 
CCIR 468-2 weighted; 
quasi peak; Vo = 2.0 V 
Gy =0dB 
Gv =12 dB 
Gy = 20 dB 


roll-off frequencies 



































(S+N)/N 
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PARAMETER | CONDITIONS | _MIN. | TYP. | MAX. | UNIT. 


Pno(RMS) noise output power (RMS value) mute position; 10 nw 
only contribution of TEA6320; note 1 | 


power amplifier for 6 W 
Source selector 


crosstalk (20 log Vbus(p-p) / Vo(RMS)) 
between bus inputs and signal outputs 
Z___|inputimpedanco—=SsSs=~=<“—*~é~idS*‘“‘(CSNC#W”SC#C#C#édqS~S*=‘“dzSSC«d’ AS 
as input isolation of one selected source | f = 1 KHz 105 ~ 
to any other input f=12.5 kHz 95 - 
Vi(RMS) maximum input voltage (RMS value) | THD < 0.5%; Vcc = 8.5 V 2.15 
THD < 0.5%; Vcc = 7.5 V 1.8 
rot" 



















nai 


dB 
dB 
V 
V 
DC offset voltage at source selector ee mV 
out by selection of any inputs 
oulput impedance ee 
output load resistance ee ee ee 
po 
po 


~ 
NR 
io) 





500 


Le 


R 
output load capacity o-)COf- 
Gy volta§e gain, source selector - Oo | 
33 













Control part (source selector disconnected; source resistance 600 22) 


input impedance volume input P| 
input impedance loudness input | —=—S~R 


00 






re 


Zi 

Zo 

Ri output load resistance | 
Ci. output load capacity ee 
maximum input voltage (RMS value) | THD < 0.5% 
V a 





— — 
(o) N 
i) 





no noise output voltage CCIR 468-2 weighted; 
quasi peak 
Gy = 20dB 220 
Gy = 0 dB 50 
Gy = -66 dB 22 


mute position 
Ge total continuous control range Po 
| recommended control range | 


Gstep Step resolution 
step error between any adjoining step 


A 


ou 
on) 


Gy = —51 to —66 dB 
: 


Gy = 0 to -66 dB 0.2 10 mV 
Gy = 20 to0 dB ton | mV 


Gy = 0 to -66 dB 


l wo nilo 
On 


NO 
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SYMBOL PARAMETER | CONDITIONS | MIN. | TYP. | MAX. | UNIT_ 


Volume | control and loudness 
continuous volume control range St. ice dB 




























| Gv volume gain |-  —|20, BOT 
step resolution 1 |- _|[oB 
Lp maximum loudness boost loudness on; referred 






to loudness off; boost 
is determined by 
external components 
f = 40 Hz 


f =10 kHz 





Bass control 





Gb bass control, maximum boost f = 40 Hz 
maximum attenuation f=40 Hz 
Gstep step resolution (toggle switching) f = 40 Hz 


step error between any adjoining step | f = 40 Hz 
Vpc OFF DC step offset in any bass position 


Treble control 








maximum attenuation 





maximum boost 








Gstep . 
step error between any adjoining step | f= 15 kHz 


DC step offset in any treble position 


Volume Il, balance and fader control 
Gt continuous attenuation fader and 
volume control range 


Gstep step resolution 
attenuation set error 
Mute function (see Fig.9 


a) Hardware mute 
Vsw mute switch level (2 x Vee) 


eae a 
IcH input current Vswiow =1V 300 |- |- | LA 


mute passive: level internally defined 


Vsw HIGH saturation voltage a aaa Vcc V 
tpMu delay until mute passive | 7 f— ss | 0.5 ms 
b) Zero crossing mute 


Mipes al discharge current | 


charge current 300 —150 
VSWODEL delay switch level (3 x VBE) - 




















ICH 
delay time Cm = 10 nF | 


VWIND window for audio signal zero crossing 
detection 
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_symBoL | PARAMETER | ~—conpimions, | win. | typ. | MAX. | UNIT 
Maing stpowersupaiydep 


Muting at power supply drop 

ee-onor__]supply drop for mute apive —__|_-__|vis-o|-_y__ 
Power on reset (when reset is active the GMU-bit (general mute) is se IG is in 

i aera eri 
| ifendofreset = — es  —“‘dLSt Ci‘ 6s iv 
|__| decreasing supply voltage startofreset | 58 |v 
Digital p 

C-bus pins; see note 3 


Vin |HiGH levelinputvoltage =| 
Vu_____—|LOWlevelinputvoltage | ft lV 
uj |HiIGH levelinputcurrent, | tt 
m___—|LOW level inputcurrent | tt 


Har [owes otpavetpe ncaa EE fae 


Notes to the characteristics 


1. The indicated values for output power assume a 6 W power amplifier at 4 2 with 20 dB gain and a fixed attenuator 
of 12 dB in front of it. Signal-to-noise ratios exclude noise contribution of the power amplifier. 

2. The transmission contains: total initialization with MAD and Subaddress for volume and 8 data words, see also 
definition of characteristics, clock frequency = 50 kHz, repetition burst rate = 400 Hz, maximum bus signal 
amplitude = 5 Vpp 

3. The AC characteristics are in accordance with the I?C-bus specification. Full specification of I?C-bus will be. supplied 
on request. 












al 













< 






< 













l°C-BUS PROTOCOL 
I?C-bus format 


S__|SLAVEADORESS_____—_[A__SUBADDRESS JA [DATA_[A > 


Where: 

S = Start condition 

SLAVE ADDRESS (MAD)= 1000 0000 

A = acknowledge, generated by the slave 
SUBADDRESS (SAD) =see Table 1 

DATA = see Table 1 

Po. = STOP condition 


If more than 1 byte of DATA is transmitted, then auto-increment of the significant subaddress is performed. 
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Subaddress 
Table 1 Second byte after MAD 


| see. MSB 


FUNCTION BIT 


volume/loudness V 
F 





fader front right 
fader front left 

fader rear right 
fader rear left 






treble 
switch 


Definition of third byte 
Table 2 Third byte after MAD and SAD 
FUNCTION BIT SH 
7 6 
volume/loudness = | _ | LOFF 











) 
V5 


fader front right -FFR |X =|X _| FFRS | FFR4 
fader front left —oco FFL5 | FFL4 














4 3 
v4 [V3 vo 
FFRO 
FFLO 
FRRO 


fader rear right X /X | FRRS | FRR47| 
fader rear left ra xX X FRLS | FRL4~ 

bass aes ae E: BA4 _ ben 
treble fe xx oe 
switch GMU | X 


Function of the bits: 


V0 to V5 volume control 

LOFF switch loudness on/off 
FRRO to FRR5 fader control front right 
FFLO to FFL5 fader control front left 


FRRO to FRR5 fader contro} rear right 
FRLO to FRL5 fader control rear left 


BAO to BA4 bass control 

TRO to TR4 treble control 

SCO to SC2 source selector control 

GMU mute control for ail outputs (general mute) 
ZCM zero crossing mode 

X don’t care bits (logic 1 during testing) 
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LSB 





lle] 








significant subaddress 


LSB 
0 


2 1 
ve [vi 








FRLO 
BAO | 


ro 
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Table 3 Volume setting 








< 
ol 
< 
rs 
< 
os 
: 
—{ 
> 
< 
1) 
< 
od 
< 
=) 





eae re | i 
Pa ae ae ee Fe eee a ee eee 
a a a ee es a ee ee ee ee 
ae a (a a PT + 
se Fa a a a ee ee ee 
pe Mass ie 2 eee Oe I 
a a a a ee ae ee ee ee ee 
0! Oe 
ae a ee ee Eile i ee 

Pa a FR Te ee Pa «| ee 
ee ee ee eee lrreetibes Sei @r Mire I 
FSi ee) Reema «Sema (Ai (A a a (Sa 

a ae Fea a oe] a eee 
a Sa ae ao a 





; 
; 


; 






; 
- 
+ 
| 


- 






Loudness on: the increment of the loudness characteristic is linear at ever 
volume step in the range from +20 dB to -11 dB. 
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Table 3 Volume setting (continued) 
DATA 

ev (CB) V5 V4 V3 V2 Vi ~—s' #0 _| 
it Pens ee a a 
0 0 
Leta ol Or a he ec a On a 
eee a = SO Me ee ht le - ha hed Oe 
alee Qt 
1 te fe 
0 
(ee a a ee ee 
ae a a a ee a 
~21 a RE a Cee es 
= ie Oe ss = a 
= oe ae a TS 

: 0 1 1 
ae ee ee «ee 
sea} 0} _4_} _o_}_g_ 0 1 
eee; ee ee ae eee ee a: 
| -28 | o [| o | + | 1 [1 1 
fle eG = Oe Ota = 0 
sig ot gg Pg 0 1 
31 | o | o | 0 0 





Loudness characteristic is constant in a range from —11 dB to -31 GB. 





ae ee «a 


Repetition of steps in a range from —28 dB to —31 GB. 
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Table 4 Fader setting 





DATA 
FRR5 FRR4 FRR3  FRR2~ FRR1_ FRRO 
FRL5 FRL4  FRL3  FRL2 ~ # FRL1 ~~ FRLO 
FFLS $FFL4 FFL3  FFL2  FFL1 ~~ FFLO 






Gy (dB) 


















September 1992 1278 


- FFRS FFR4 . FFR3  FFR2  FFRi_—~FFRO 

ey ee a a ee a ee ee ee ee 
eee Ge ea eee ea ca (De, ee, ee | (ee | 
a ee ee ee ee a ee ee 
[ee a ee ed (R(T 
a ae ae a ee 
a (ee 
a ae em eae I a se ee 
ee |) 0 | 
a ae a a ee ee ae ee ee ee ee 
[ame Fee, (Ren came Een « aed APN eee eed Co 
aT a (ee ee ee ee 
ee ee a ee ee ee ee ee 
eS ee a a ee ee ee ee 
eS Fe a a ae a 
eae FE a ae «ee 
ee ee a ee a ee eee 
ea a ea a 
a ee a a ed A ee 
a eae ee, a a ee ee 
p -19 | 4) | oF | + | at flo 
a De | ee 
fe Oe a 
pe a a Tas OE ede ee, pe, WOE ee 
Fa So ee eee) mis ee eee» SN RR» «EE 
are a (ae mee ee are (a es, (eee ee 
am es (a a 
eee 2 ee A ee Oa ee | 
eas «ae Da a a De 
| -28 | 4 | o | o | oF [| 4 | 4 | 
| -29 [| 7 | o | o fT o fT 4 fo 
RS ae (Da se 
eee ee a pois og gs 
a |e «ee a ee eee ee ee 
ee a (ae ee, ea ae ee 
ES a OS a a i 
a ae, ee ae eae ea 
a ae a a ee ee ee ee 
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DATA 
FRR3 FRR2 
Gy (dB) FRL3 FRL2 
FFL4 FFL3 FFL2 
FFRS5 FFR4 FFR3 F FFR1 FFRO 
| -39 [| oF | 4 7 4 | oF | o | o 
Ta a a ee 
lo oe oer coe : 
ae a ae ee a ee ee, i 
[ae a «eee a ee: a 
=4a_| og _/ 4 _7_g_{_o__{_4_} _o__ 
eaG ls 200 2 Sh ee ge 
TS GO ree p98 fF 8 ot 1 
5 a «a a | 
ae er ae es a 
E250.) 9" | 0 a a 0 rs! 
a ee ee: cee : 
| 520 | OO Hs cshee 1 1 
ae es ee 3 f 
See a 
_ -§55 | oO | 0 0 0 
OS ———————————— 
| mute | o | o | 0 
mute 0 i ae oe ee ee 
ie snbtes 205: 02 0 is se 
mule {oof 9 9 to 
a _0 1 
| mute | Oo | 0 0 0 0 
For a particular range the data is always the same, only the subaddress chai 
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Table 5 Bass setting 


DATA 
BA2 BA1 BAO 


w 
> 
oO 
> 
wo 


ul 





BN 
On 


nn 
mk fe fk fk fk fk fae fae fat | fe fe [nt | 





{ { { —s 
PLL LGN ALESIS RM pleR eo pe a 
on FF ey oP in} jon - n 


a 


Recommended data word for step 0 dB. 
* Result of 1.5 dB boost and 1.5 dB attenuation. 
*** The last four bass control data words mute the bass response. 
**** The last bass contro! and treble control data words (00000) enable the external equalizer connection. 


* 
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= 
> 
So 
@ 
oO 
+ 
= 
@ 
o 
@ 
= 
~ 

fe} 


DATA 


Seles) TR2 TR1 


7 
wv 
r=4 
— 
8 
1 o 
=| 
8) 
© 




















; 
a 
a oe a ae a a a 
i: 
jo) a ee 
Se 
a ae a ee 
A a ASR AG RS CS CE 
eae 7 YD 
a 
oe 
Em Sic Rn SRV EG OPC 
ated os 
aes ee eT a a 
pe 
ee hoe ae a 
es Ae aa a 
ee ai 
Ee aca aD (Ac 
ae ee a oe i oon Dee oe 
3 fo ae eee a 
Se ot a et 
7 TS 
eee ce WO I ee ed 
ae ee 
=e el ee ee 
a : 
ee ae pe San eet ee 
eee 
ee ae = eI ; ; 
= el oe a Le 











+ 


Recommended data word for step 0 dB. 

Result of 1.5 dB boost and 1.5 dB attenuation. 

*** The last eight treble control data words select treble cut. 

*"** The last treble control and bass control data words (00000) enable the external equalizer connection. 


* 
* 
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Tabie 7 Loudness setting 


CHARACTERISTIC | DATA L OFF 
linear Pd 
















de 





X = don’t care bits (logic 1 during testing) 


September 1992 1282 


Preliminary specification 


Philips Semiconductors Integrated Circuits 


TEA6320 


Sound fader control circuit 











~MED423 





Sa) Oe OR SEAS ANAT 7/9110 CE GOES 
ea ee ee A 
ee) ae ee ee ee) 2108 Ve ee ee ee es See 
a Re es Ss DY / 7 0 \\ ee 

[naan Ray aces ea 7/72 1 5 ee 


Sua eas Om 7/20 NG Dene es 
Ca a a 772) Ne 


OTT 


CTA, 


f (Hz) 


0 


=— 


Fig.3 Bass control 




















OANA oe 
Bice eget Warea ald 


tL NANALLLIETAZA | 
oN 


BREW 


NL, 


Se eee 
Cee RS a (ead A |! i} 
—_— If Bhar: Mec =e 


al NI ro) ee) rap) oO ° . 


> 
O 








(dB) 


f (Hz) 


Fig.4 Treble control. 
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ee 
ae el ee Pe eee ee ee ae ee ee 


Ne 


2 Saas Ee ae eee 2 eee | ee (ee i Saree. TH 2 as SS ee 
re 2 <1 ee eS 
See A eT Ree i eee PRL SS | CSG GEAR aie CS Tie CRO 
ES Fe RAR Ss eS (ea S.C 9 ET 
Sea (aaa Fe (SEES 1 Ra) (Eine (meena) caer (2 (Gee RY | res (ee) 


Se a ER ede a A 2 eee ae wy es Oe 
{ane | ee oe as ee aes , aa 


a ee re ee eee 


| A Ae 


ee) (ey, ee ee 





























f (Hz) 


= 


10° 


10? 


Fig.5 Volume control with loudness (including low roll-off frequency). 
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MED426 
100 ose SEE Mee aree Rae ea ES 






S/N 
(cB) 


90 
80 
70 


60 


50 
10° 
1:Vi=2.0V Po (W) 
2: Vi =0.5V 
3:Viz0.2V 


Fig.6(a) Signal-to-noise ratio; noise weighted: CCIR468-2, quasi peak. 























MED427 





S/N ae eee eee eee ee eh 
(dB) ee ns mace ats et a 
100 . + ss 8 @ @ #8 @ . . ee o€ 





107 10° 1072 1071 { 


10 





1: unweighted RMS | Po (W) 
2: CCIR468-2 RMS 
3: CCIR468-2 quasi peak 








Fig.6(b) Signal-to-noise ratio; Vi = 2 V; Pmax = 6 W. 
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MED428 





1: with loudness 
2: without loudness Gain (dB) 


Fig.7 Noise output voltage; CCIR468-2, quasi peak. 























Fig.8 Muting. 
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Sound fader control circuit TEA6320 
mute pin 12 hardware mute 
switch 





— ley = 150 yA 
TEA6320 
| ae 
10 nF 
VA Z 














| (UA 
Voltage 0.5 ms delay until ie. 
(V) mute passive 
Vec -_— 
3.5 


delay switch 
level 


27 ~ permet tr tr ew ew RP er er rr er ert eae or errno —150 
1.45-+------b-------- te -- Hee 

mute switch 

level 






——100 ms—> 
zero end hard hard Emme) 
crossing of mute mute 
mute delay on off 
on MED430 


delay switch level voltage is typically 2.2 V and is referenced to 3 x Vp-p 








Fig.9 Mute function diagram. 
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If the 20 dB gain is not required for 
the maximum volume position, it will 
be an advantage to use the 

maximum boost gain and then 
increased attenuation in the last 
section, Volume ii. 

Therefore the loudness will be at the | 
correct place and a lower noise and _ 
offset voltage will be achieved. 


gain volume | = 20 dB (Gv max) 
gain volume I! = 0 dB 
fader and balance range = 55 dB 


TEA6320 


)= 200 mV Vo = 2 V for P (max) 


P(max)= 100 W at 4 9 


Vi(nin 


gain volume | = 20 dB (Gy max) 
gain volume II = —6 dB global setting 
fader and balance range now 49 aB, previously 55 dB 


TEA6320 


P(max)= 100 W at 4 9 


MED431 


= 200 mV Vo = 1 V for P (max) 


Vi(mnin 


Fig.10 Level diagram. 
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+8.5 V to 
oscilloscope 





inputs 





outputs to 
oscilloscope 






9 x 220 nF | | 

( | 

9 x 600 A [Fl 
UF 

zap f JA (4 f if 7 i ‘f - 








Fig.12 Turn-on/off behaviour. 
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TEA6320 


output right 
Input A to 0 left and right output left 


and input mono front and rear 


at 5.6 nF MED434 


220 nF 33 nF 
Fig.13 Test circuit for power supply ripple rejection (RR). 


220 nF 33 nF f 40 
5.6 nF == ==210 nF 





SCL 


TEA6320 


SDA 


input A to D right and left 
v 220 nF 
z WD a0) V; 


output left 


600 0 


4—_—___}+—_+ Input A to O left and right output right 


220 nF and input mono front and rear 





5.6 nF MED435 
220 nF 33 nF ut 
Fig.14 Test circuit for channel separation (acs). 
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Sound fader control circuit TEA6320 
Selection of input signals by using — For example: The selection is The output signal remains muted 
the zero crossing mute mode enabled at t1, the microcontroller until the next signal Zero crossing of 
A selection from input A (IAL) to sets the zero cross bit (ZCM = 1) input B (IBL) occurs, and then 
input B (IBL) left sources produces a and then the mute bit (GMU = 1) via follows that signal. __ 
modulation click depending on the the I?C-bus. The output signal The delay time ta — t; is e. g. 40 ms. 
difference of the signal values at the follows the input A signal, until the Therefore is the capacity 
time of switching. . next zero crossing occurs and then CM = 3.3 nF. The zero cross 
Att; the maximum possible activates mute. function is working at the lowest 
difference between signals is 7 Vip-p) After a fixed delay time at te, the frequency of 40 Hz determined by 
and gives a large click. Using the microcontroller sends the bits for the CM capacitor. 
zero cross detector no modulation input switching and mute inactive. 
click is audible. 

V 
4 on cm 
ye \ ri Bs 
/ \ / \ 
3 a \ / Ngee 
. / \ f \ ° 
, i ‘ ' ‘ Sf Ni 
2 : ‘ fi i: ; \ ag y N. 
ee “A \ i 2 Ay 
¢ He \ f , 
1 Pa / . H oy \ 
rs : 2 : \ i ry 4 
0 “ 4 ; * : 1 . i : aS > t 
a ty ' to i \ / 
a, ’ \ / ‘ i 
°° > \ t 5 1 / 
o \ fo / 
Pd t . \ ) \ / 
“21° H wh on ‘ i 
Hy \. ea ‘ / 
—3 Hi 7 sec lee ¢ 7 a / 
—4 Noo? rd 
output MED436 
ala eine input B (JBL) 
——-—-  jinput A (IAL) 
Fig.15 Zero cross function; only one channel shown. 
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a ee ae ee a ee eee 


Loudness filter calculation 
example 


Fig.16 shows the basic loudness 
circuit with an external low pass filter 
application. R1 allows an attenuation 
range of 21 dB while the boost is 
determined by the gain stage V2. : 
Both result in a loudness control 
range of +20 dB to —-12 dB. 

Defining freterence as the frequency 
where the levei does not change 
while switching loudness on/off. The 
external resistor Rg for freterence > © 
can be calculated as 


weer wee ee ee ere eee ee eK eK rer ew er ee 


O dB 





10 %*/20 
Ros Ri 1g om 
with Gy = —21 dB and Ri = 33 kQ 
Rg = 3.2 kQ is generated. MED437 


For the low pass filter characteristic 

the value of the external capacitor 

C; can be determined by setting a 

specific boost for a defined 

frequency and referring the gain to Fig.16 Basic loudness circuit. 
Gy at freterence aS indicated above. 


Gv/20 
faci (Ri oo ~Rg 
1-107" 

For example: 3 dB boost at f = 1 kHz 
Gy = Gy reference + 3 GB = —18 dB; 
f=1 kHz and C; = 100 nF 

If a loudness characteristic with 
additional high frequency boost is 
desired, an additional high pass 
section has to be included in the 
external filter circuit as indicated in 
the block diagram. A filter 
configuration that provides AC 
coupling avoids offset voltage 
problems. 
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INTERNAL PIN CONFIGURATIONS 


















a 3 
1 9 V 
1.8 kN 
80 
Pin 1: SDA (I°C-bus data) Pin 3: Output left, rear 


Pin 4: Output left, front 
Pin 29: Output right, front 
Pin 30: Output right, rear 











Pin 5: Treble control capacitor, left channel Pin 6: Bass control capacitor output, left channel 
Pin 28: Treble control capacitor, right channel Pin 27: Bass control capacitor output, right channel 
7 4.25 V 
+ | g 4.25 V 
4.16 kf | + 
9.4 kN 
150 kN 
4.25 V 4,25 V 
Pin 7: Bass control capacitor input, left channel Pin 8: Input volume 1 left, control part 
Pin 27: Bass control capacitor input, right channel Pin 25: Input volume 1 right, contro! part 
Pin equivalent circuits MED438 
Vcc = 8.5 V | 
(All values shown are typical DC values) 
Fig.17(a) Internal circuits (continued in Fig.17(b)). 
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+. 10, 4:25 V 















80 0 
Pin 9: Input loudness left, control part Pin 10: Output source selector, left channel 
Pin 24: Input loudness right, control part Pin 23: Output source selector, right channel 
4.25 V + 
1 ie 13k) 12, 85 VY 


constant 


maximum 72 V 


35 kN 200 pA 









pee pA 
constont 






4.25 V 





4.5 kN 


Pin 11: Input D left source 
Pin 13: Input C left source 
Pin 14: Input mono source 
Pin 15: Input B left source ; 

Pin 16: Input A left source PTE SR oun 
Pin 17: Input A right source 
Pin 18: Input B right source 
Pin 20: Input C right source 
Pin 22: Input D right source 





Pin 19: Filtering for supply 
Pin 21: Reference voltage 


Pin equivalent circuits MED439 
Vec = 8.5 V 
{All values shown are typical DC values) 


Fig.17(b) Internal circuits (continued from Fig.17(a)). 
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31 apply +8.5 V to this pin 





Pin 31: Supply voltage Pin 32: SCL (I?C-bus clock) 
MED440 
Pin equivalent circuits 


Vcc = 8.5 V 
(All values shown are typical DC values) 








Fig.17(c) Internal circuits (continued from Fig.17(b)). 
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FEATURES 


Single chip solution to all the data 
handling and supervisory 
functions 

Configuration to both AMPS and 
TACS 

!2C serial bus control 

All analog interface and filtering 
functions fully implemented on 
chip 

Error handling in hardware 
reduces software requirements 
Robust SAT decoding and 
transponding circuitry 

Low current consumption 

Small physical size 

Minimum external peripheral 
components required. 


GENERAL DESCRIPTION 


The UMA1OOOLT is a low power 
CMOS LSI device incorporating the 
data tranceiving, data processing, 
and SAT functions {including on-chip 
filtering) foran AMPS or TACS 
hand-held portable celiular radio 
telephone. 


QUICK REFERENCE DATA 


Objective specification 





UMA1000LT 










SYMBOL PARAMETER 
supply voltage (pin 28) 
supply current (pin 28) 
normal operation with 
external clock 
a peers operating ambient ~30 +70 
temperature 
ORDERING INFORMATION 


| PINS” PIN POSITION | MATERIAL | CODE | 















EXTENDED 
TYPE NUMBER 


UMA1000LT 
















The UMA1000T data sheet, also a data processor for cellular radio (DPROC), is available upon 
request. The UMA1000T has a minimum supply voltage, Vpo, of 4.5V; the UMA1000LT has a Vpp 
of 3V. The UMF1000T is pin-for-pin compatible with the UMA1000LT. 
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UMA1000LT 





PINNING 
SYMBOL 
Vssa 
AGND 
DEMODD 
DATA 
RACTRL 
TEST 
NVRX 
RXLINE 





TACTRL 
CLKIN 
BUFOUT 
V 

TXLINE 
SYNCCLK 


TXHOLD 
TXCLK 
BUSY 
TXCTRL 

NVTX 
Al 





o 















Pn [—ESCRIPION 
[6 [SCAN contol input used for power-on reset 
[8 [received data signal output 
[3 [intemally connected: must ba left operreut 
Ci tansmiter audio contolouput 


13 i 

Lia .| 

Eig 

Ned = icteaaranell 
reset 

eae 

6 2] 


13 
14 
15 i 
17 
18 
reverse control channel status output 

transmitter control output 

inverts sense of transmitted data stream 
address input 1; used for power-on reset (I?C-bus) 










address input 0 (I2C-bus 
serial data input/output (12?C-bus) 








25 serial clock input (I?C-bus 
RESET 26 





RXCLK received data clock input _ 
supply voltage (+5 V) | 
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TEST | 6 | AO 
INVRX Al 
UMA1000LT 
RXLINE | 8 | INVTX 
TXCTRL 
BUSY 
TACTRL |11| TXCLK 
CULKIN TXHOLD 
BUFOUT SYNCCLK 
Vssp TXLINE 


ML8226 


Fig.2 Pin configuration. 
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LIMITING VALUES 
In accordance with Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER 


V 
V 













supply voltage 
supply current =. 
DC current (any input) 


fg BC current fany outpu 


jo) 
He} He] ov] + 
+|—=!10]o@ 


8) 
{ 


all input voltages 


w 
ia) 
oO 


gi 
if 


total power dissipation 


power dissipation per output 


operating ambient temperature 
storage temperature 


CHARACTERISTICS 
Vop = 5 V; Tamb = —30 to +70 °C; unless otherwise specified. 


SYMBOL 


Supply 
Vop 


+ 
N 
Oo 


D 





Digital inputs (note 2) 


LOW level input voltage 
HIGH level input voltage 
C, 


input capacitance 


Digital outputs (note 2) 


HIGH level output voltage leoume = 1 MA 
Open-drain outputs (note 3) 


(OW level ouput votlage [liu =2mA =i 


Open-drain SDA 


LOW level output voltage 


Notes 


1. 1.2 MHz clock on CLKIN, SYNCCLK HIGH, outputs unloaded analog part operating. 


2. All digital inputs and outputs of DPROC are compatible with standard CMOS devices and the following general 
characteristics apply. 


3. Open-drain outputs have no internal pull-up resistors. 
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FUNCTIONAL DESCRIPTION 
General 


The UMATOOOLT (DPROC) is a 
single-chip CMOS device which 
handles the data and supervisory 
functions of an AMPS or TACS 
subscriber set. 


These functions are: 


e Data reception and transmission 


*« Control and voice channel 
exchanges 


e Error detection, correction, 
decoding and encoding 


Supervisory Audio Tone decoding 
and transponding 


e Signalling Tone generation. 


In an AMPS or TACS cellular 
telephone system, mobile stations 
communicate with a base over full 
duplex RF channels. A call is initially 
set up using one out of a number of 
dedicated control channels. This 
establishes a duplex voice 
connection using a pair of voice 


August 1993 


channels. Any further transmission 
of control data occurs on these 
voice channels by briefly blanking 
the audio and simultaneously 
transmitting the data. The data burst 
is brief and barely noticeable by the 
user. A data rate of 10 kbits/s is 
used in the AMPS system and 

8 kbits/s in TACS. The signalling 
formats for both Forward Channels 
(base to mobile) and Reverse 
Channels (mobile to base) are 
shown in Fig.3. 


A function known as Supervisory 
Audio Tone (SAT), a set of 3 audio 
tones (5970, 6000 and 6030 Hz), is 
used to indicate the presence of the 
mobile on the designated voice 
channel. This signal, which is 
analogous to the On-Hook signal on 
land lines, is sent out to the mobile 
by the base station on the Forward 
Voice Channel. The signal must be 
accurately recovered and 
transponded back to the base 
Station to complete the ‘loop’. At the 
base station this signal is used to 


1300 


Objective specification 


UMA1000LT 


ascertain the overall quality of the 
communication link. 


Another voice channel associated 
signal is Signalling Tone (ST). This 
tone (8 KHz TACS, 10 kHz AMPS) is 
generated by the mobile and is sent 
in conjunction with SAT on the 
Reverse Voice Channel to serve as 
an acknowledgement signal to a 
number of system orders. 


The key requirements of a 
hand-held portable cellular set are: 


e Small physical size 

e Minimum number of 
interconnections (serial bus) 

e Low power consumption 

e Low cost. 


The DPROC is a member of our 
Cellular Radio chip set, based on 
the |?C-bus, which meets these 
requirements. A cellular radio 
system schematic using the chip set 
is shown in Fig.4. 
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EXTERNAL PIN DESCRIPTION 


Supply (Vpp; Vssa3 Vsso; AGND) 
Both Vss, and Vssp Must be connected to common ground. 


SYMBOL DESCRIPTION 
[ae positive supply voltage for digital and analog circuitry 


negative supply voltage for analog circuitry (0 V) 


digital ground (0 V) 


AGND internally generated reference pound based by internal analog circuitry; 
voltage level (Vop—Vgsa)/2 £2% 


System clock (CLKIN; BUFOUT) 


CLKIN is a digital input for the externally generated 1.2 MHz master clock. This signal should be accurate to 100 x 10 
and have a worst case of 60:40 mark-space ratio. BUFOUT is the buffered output of the clock oscillator and provides 
the option of generating the clock signal on chip by connecting a 1.2 MHz crystal between BUFOUT and CLKIN. 







Fig.5 System clock timing diagram. 


clock pees time 





?C serial data link (SDA; SCL) 


SDA is the bi-directional data line; SCL the clock input from an I?C master. These constitute a typical !7C link and 
conform to standard characteristics as defined in the !?C-bus specification. 


e Data rate: up to 100 kbits/s 
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Slave Address Select (A0; A1) 


selection of the device slave 
address is achieved by connecting 
AO to either Vesp OF Vop and 
connecting A1 to either pin 16 and 
pin 6 or to Vyp. The slave address is 
defined in accordance with the I?C 
specifications as shown in Fig.6. 





ROBARS Baga 


MBC766 





Fig.6 Device slave address. 
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Power-up state 


DPROC will not respond reliably to 
any inputs (including RESET) until 
100 ps after the power supply has 
settled within the specified 
tolerance. The analog sections of 
the device will have stabilized within 
5 ms. No power-on reset is 
provided, therefore before the 
device can enter normal operation 
TEST and SYNCCLK must be 
pulsed HIGH. The reset pulse on 
these pins must have a minimum 
period of 250 us and the fall time of 
the negative going edge must be © 
faster than 1 ps. Pin A1 must remain 
HIGH during this reset period 
therefore if the A1 bit of the I?C 
address is required to be logic 0. A1 
may be connected to TEST and 
SYNCCLK. If it is required to be at 
logic 1 then A1 may be permanently 
connected to Vpp. If it is required 
that AO = logic 1, then a normal 
master reset (pin 26) sequence 
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must follow the power-on reset 
sequence to get the internal 
registers in the defined state. 


After the power-on reset a dummy 
transmission should be made to 
initiate internal DPROC counters. 
This transmission should be made 
with arbitration (ABREN) disabled 
and the RF transmitter stage 
switched OFF. Figure 7 shows the 
power-on reset sequence. 


Master reset (RESET) 


RESET is an asynchronous active 
LOW master reset input, with a 
minimum active pulse width of 2 us 
which may be used to reset certain 
logic within DPROC to a predefined 
state as illustrated in Tables 1 and 2. 
Alternatively, DPROC may be set 
into a known initial state be setting 
the IFC control register as required. 
The internal reset sequence after a 
negative pulse on RESET takes 
250 us. 
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power-on program DPROC 
and Zn. 
master clock Le iC bus 
active controf registers 
transmit one 
| | dummy word 
TEST/SYNCCLK int t 
eo 
Al no ’ : 
SS 


1*C-bus | es HH 


TXLINE ee Hi | 
ff —> 
TXCLK ae 
; MEA171 
Where: 


t1 = time not critical 
t, = reset time = 250 us maximum 











t, = pulse fall time = 1 us maximum 

tup = Al hold time = 0 ps minimum 

Note 

The RF transmitter is OFF during reset sequence. 


Fig.7 Power-on reset programming sequence. 








Table 1 Predefined state of the digital output pins. 
OUTPUT 


RXLINE 
TXCTRL 
TACTRL 
RACTRL 
BUSY 





Table 2 Predefined state of I?C registers. 
BIT 


ee | | eT 


Control LOW 
SATD 


TST low jLow Low |row Low [tow _|tow_| Low 
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Data Transfer Link (RXLINE; 
TXLINE; TXHOLD; TXCLK and 
RXCLK) 


RXLINE, TXLINE, TXCLK and 
RXCLK provide a dedicated serial 
data link for the transfer of system 
data messages between DPROC 
and the system controller at variable 
rates of up to 200 kbits/s. 

TXHOLD allows the system 
controller to preload the DPROC 
transmit register with one word 
without the data being transmitted. 
DPROC then starts transmitting the 
instant FXHOLD is driven LOW. 


e RXCLK: — clock input from 


system controller 


e RXLINE: data output from 
DPROC to system 
controller 

e TXCLK: clock input from 

| system controller 
e TXLINE: open drain data 


bi-directional line to 
the system controller 


e TXHOLD: (HIGH) holds off 
transmission of data 


e Data rate: up to 200 kbits/s 


Note 


A minimum mean data transfer rate 
for the received data of 2.1 kbits/s 
(AMPS) and 1.7 kbits/s (TACS) is 
required to ensure contiguity of 
message words. 


The format for received and 
transmitted data words is shown in 
Fig.15(a) and Fig.15(b) respectively. 
The receive and transmit data timing 
is illustrated in Fig.16(a) and 
Fig.16(b) respectively. 
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Transmitter Control (TXCTRL) 


TXCTRL is an open-drain output 
used to disable the transmitter 
during a Reverse Control Channel 
access failure. 


e output level HIGH: RF enable 
* output level LOW: RF disable 


Transmitter Audio Enable 
(TACTRL) 


TACTRL is an open-drain digital 
output signal used to blank the 
audio path and enable the data path 
to the modulator during data bursts 
on the Reverse Voice Channel. 


e output level HIGH: audio enabled 
e output level LOW: audio muted 


Receiver Audio Enable (RACTRL) 


RACTRL is an open-drain digital 
output used to blank the audio path 
to the earpiece when a sequence of 
dotting and word sync is detected. 


RACTRL and TACTRL functions can 
be combined using one line. 


e output level HIGH: audio enabled 
e output level LOW: audio muted 


Reverse Control Channel! Status 
(BUSY) 


BUSY is a digital output giving the 
status of the Reverse Control 
Channel. This is determined by a 
majority decision on the result of the 
last 3 consecutive Busy/ldle bits and 


has the following logic levels: 
e output level HIGH: channel busy 


e output level LOW: channel idle 


On a voice channel BUSY indicates 
channel idle. 
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invert Receive Data (INVRX) 


Enables an additional inverter in the 
receive data path. This allows RF 
demodulators with high or low local 
oscillators to be used. The TACS 
and AMPS specifications define a 
NRZ encoded logic 1 as a 
LOW-to-HIGH transition in the 
centre of a data bit period. The 
poiarity of the demodulated data 
stream into DPROC depends on the 
receiver local oscillator. 


e input HIGH: 
e input LOW: 


data inverted 
data normal 


Invert Transmit Data (INVTX) 


Enables an additional inverter in the 
transmit data path. This allows RF 
modulators with nigh or low local 
oscillators to be used. The TACS 
and AMPS specifications define a 
NRZ encoded logic 1 asa 
LOW-to-HIGH transition in the 
centre of a data bit period. The 
polarity of the modulated data 
stream depends on the transmitter 
local oscillator. 


e input HIGH: data inverted 
e input LOW: — data normal 
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Transmitted Data Output (DATA) 


Data is an analog output which provides Manchester encoded and filtered data signal SAT and signalling tone. This 
signal should normally be AC coupled into the Audio/Data summer. 


e DC level: analog ground (AGND) 

ereignal level: : 2Vop V (p-p) for signalling tone; signal level with filtered data signal 
e signal tolerance: 2% + supply voltage variation (AVpp) 

e minimum load capacitance: 10 kQ 

e maximum load capacitance: 2 nF 

e maximum output impedance: 50 Q 


Received Data Input (DEMODD) 


Demodd inputs analog data and SAT signals from the RF demodulator. This pin should normally be AC coupled. 


© DC level: analog ground (AGND) 
* maximum data level: Von 
5 X1V Pp) 
e nominal data level: Vig 
e minimum data level: Vip 
— x 200 mV (p-p) 
e minimum SAT level: 50 mV (p-p) 
e input impedance: min. 1 MQ 
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CHARACTERISTICS OF THE 
PC-BUS 


The I?C-bus is for 2-way, 2-line 
communication between different 
ICs or modules. The two lines are a 
serial data line (SDA) and a serial. 
clock line (SCL). Both lines must be 
connected to a positive supply via a 
pull-up resistor when connected to 
the output stages of a device. Data 
transfer may be initiated only when 
the bus is not busy. 


Bit transfer 


One data bit is transferred during 
each clock pulse. The data on the 
SDA line must remain stable during 
the HIGH period of the clock pulse 
as changes in the data line at this 
time will be interpreted as control 
signals. 


Start and stop conditions 


Both data and clock lines remain 
HIGH when the bus is not busy. A 
HIGH-to-LOW transition of the data 
line, while the clock is HIGH is 
defined as the start condition (S). A 
LOW-to-HIGH transition of the data 
line while the clock is HIGH is 
defined as the stop condition (P). 


System configuration 


A device generating a message is a 
‘transmitter’, a device receiving a 
message is the 'receiver’. The 
device that controls the message is 
the ‘master’ and the devices which 
are controlled by the master are the 
‘slaves’. 
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Acknowledge 


The number of data bytes 
transferred between the start and 
stop conditions from transmitter to 
receiver is not limited. Each byte of 
eight bits is followed by one 
acknowledge bit. The acknowledge 
bit is a HIGH level put on the bus by 
the transmitter whereas the master 
generates an extra acknowledge 
related clock pulse. A slave receiver 
which is addressed must generate 
an acknowledge after the reception 
of each byte. Also a master must 
generate an acknowledge after the 
reception of each byte that has been 
clocked out of the slave transmitter. 
The device that acknowledges has 
to pull down the SDA line during the 
acknowledge clock pulse, so that 
the SDA line is stable LOW during 
the HIGH period of the acknowledge 
related clock pulse, set up and hold 
times must be taken into account. A 
master receiver must signal an end 
of data to the transmitter by not 
generating an acknowledge on the 
last byte that has been clocked out 
of the slave. In this event the 
transmitter must leave the data line 
HIGH to enable the master to 
generate a stop condition. 


Timing specifications 


Masters generate a bus clock witha 
maximum frequency of 100 kHz. 
Detailed timing is shown in Fig.12. 


Where: 
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| 

| data line | change | 

| stable; | of data | 

| data valid | allowed | MBA6O7 









Fig.8 Bit transfer. 


-— —-I 


start condition stop condition 





MBA60B 


Fig.9 Definition of start and stop conditions. 

















MASTER uae | MASTER 
TRANSMITTER / TRANSMITTER / | TRANSMITTER / 
RECEIVER RECEIVER RECEIVER TRANSMITTER RECEIVER 


MBA605 


Fig.10 System configuration. 
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stan clock pulse for 
condition acknowledgement 


SCL FROM 
MASTER 


| 
DATA OUTPUT | its 
BY TRANSMITTER ma 
1 
Ss 
DATA OUTPUT | \ / 
BY RECEIVER hee 





Fig.11 Acknowledgement on the i?C-bus. 
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All the values refer to 10% and 90% levels with a voltage swing of Vp, to Ves. 


the minimum time the bus must be free before a new transmission can start 
start condition hold time a 


start condition set-up time, only valid for repeated start code 
t < 300 ns fall time of both the SDA and SCL line 

























tlow min 





tu: STO 











= oe = eee 


SDA ce a i i \ 
: ae =e 
ca \ fir\ f\ f\ fra\ fli \ in \f\ 





a ) l — JL JL J | | | \ j ee a ee (1 |e nN Yor ee | Ls) 
START ADDRESS R/W_ ACK DATA ACK START ADDRESS RA/W- ACK STOP 
CONDITION CONDITION 


MBC765 


Where: 

Clock trowimin: 4-7 HS 

CIOCK tuightminy: 4 HS 

The dashed line is the acknowledgement of the receiver 

Maximum number of bytes: unrestricted 

Premature termination of transfer: allowed by generation of STOP condition 
Acknowledge clock bit: must be provided by the master. 


Fig.13 Complete data transfer. 
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PC REGISTERS e Status Register: contain read Note 
General only items In normal operation the SAT delay 
Control Register: contain write I 
The I?C register block resides ° : | regen! ae ea oe! 
: vat .; only items | require programming only after a 
internally within the !*C interface 7 
e SAT Programmable Phase Shift device reset. 


block and contains various items of ; : 
status and control information which Register: contain write only items 
are transferred to and from DPROC ~*~ e TEST Register 

via the I@C-bus. The block is 

organized into four 8-bit registers: 








Table 3 Register map. 
BIT 


REGISTER , <<< 
7 ie 4 | 3 | 2 | 1 | 

seus = XP MSCOO 

Control |= —_—*(SERV SATEN 














orrocaon| a [| srarus [a | - 
(a) 
DPROC ADR CONTROL | A P 
(b) 
DPROC ADR CONTROL SAT DELAY TEST pa} P| 


MBC767 
(c) 





Where: 

S: START condition 

W: read/write bit (logic 0 = write) 

R: read/write bit (logic 1 = read) 

A: acknowledge bit 

P: STOP condition 

DPROC ADR: slave address of DPROC 

TEST: must be programmed to logic 0 for normal operation. 


Fig.14 |?C data format; (a) read from DPROC status register; (b) write to DPROC control register; (c) write to 
all DPROC registers. 
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Status Register 


This is read only register containing 
DPROC status information. 


MEASURED SAT COLOUR CODE (MSCC1; 
MscCcO) 


MSCC1 and MSCCO0 provide 
information about the current 
measured SAT colour code in 
accordance with Table 4. 


TRANSMISSION IN PROGRESS (TXIP) 


TXIP indicates whether DPROC is 
currently accessing the Reverse 
Control or Voice Channels. 


e logic 1: data transmission in 
progress 


e logic 0: transmission not in 
progress 


TRANSMISSION ABORT STATUS (TXABRT) 


TXABRT indicates that a Reverse 
Control Channel Access Attempt has 
been aborted by DPROC without 
successful message transmission. 


e logic 1: transmission attempt 
aborted 


e logic 0: no access collision 
detected 
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Table 4 Measured SAT colour code. 


MSCC1 MSCCO SAT frequency (Hz) 
5970 
6000 — 








| no valid SAT 


WORD SYNCHRONIZATION INDICATOR 
(WSYNC) 


WSYNC indicates whether DPROC 
has acquired frame synchronization 
according to the Forward Control 
Channel format. 


REVERSE CONTROL CHANNEL STATUS 
(BUSY) 


BUSY gives the status of the 
Reverse Control Channel. This is 
determined by a majority decision 
on the result of the last 3 
consecutive Busy/Idle bits on the 


Forward Control Channel. e logic 1: frame synchronization 


acquired 


* logic 1: channel busy e logic 0: no frame synchronization 


e logic 0: channel idle 

On a voice channel the BUSY bit 
defaults to the set state. 

Note 


This signal is also routed to the 
BUSY output pin. 
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Control! Register 


This is a write only register 
containing DPROC control 
information. 


SAT PATH ENABLE (SATEN) 


SATEN enables the SAT 
transponded signal to be output on 
external pin DATA. 

e logic 1: SAT tone enabled 

e logic 0: SAT tone inhibited 


SIGNALLING TONE (ST) PATH ENABLE 
(STEN) 


STEN enables the Signalling Tone 
to be output on external pin DATA. 
e logic 1: ST enabled 
e logic 0: ST inhibited 


CHANNEL FORMAT SELECT (FVC) 


FVC selects the required channel 
format. 

e logic 1: voice channel format 

e logic 0: control channel format 


TRANSMISSION ABORT PERMISSION 
(ABREN) 


ABREN indicates whether DPROC 
has permission to abort data 
transmission and disable RF on the 
Reverse Control Channel following 
the detection of a channel access 
attempt collision. 


e logic 1: RF disable allowed 
e logic 0: RF disable inhibited 
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MESSAGE TRANSMISSION ABORT (TXAST) 


TXRST terminates a message being 
transmitted on the reverse channel. 
It is a monostable signal which when 
activated causes a reset of the 
message transmission circuitry and 
causes TXABRT and TXIP I?C 
signals to be reset. 


This signal does not clear the 
DPROC transmit register; therefore 
if a word has been loaded into 
DPROC after a TXABRT has 
occured the control line TXHOLD 
should be held LOW to allow the 
word to be cleared from the DPROC 
input register. 

e logic 1: reset active 


e logic 0: reset inactive 


SYSTEM TYPE SELECT (STS) 
STS selects required system format. 


e logic 1: AMPS 
e logic 0: TACS 


Note 

Toggling this signal also resets the 
receive logic in DPROC. 

SERVING SYSTEM SELECT (SERV) 


SERV selects which of the serving 
system data streams (A or B) is 
accepted. 


e logic 1: system A selected 
e logic 0: system B selected 
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SAT PROGRAMMABLE DELAY REGISTER 
(SATD) 


SATD programs the value of phase 
shift which is applied to the SAT 
tones in the SAT Regeneration 
Block. This value will be determined 
and programmed into the System 
Controller during manufacture. The 
recovered SAT is delayed in time by 
approximately 0.8 ys x value in the 
register which corresponds to 
approximately 1.8 degrees x value 
in the register. The total phase shift 
is limited to 360 degrees. 


The ability to adjust SAT phase 
angle is not necessary in current 
AMPS and TACS systems. 
Therefore this register should 
normally be in AMPS and TACS, this 
function is not necessary and should 
programmed to zero. 
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DIGITAL CIRCUIT BLOCKS 
General 


The majority of the digital circuitry 
within the DPROC device is identical 
for both AMPS and TACS. The 
device has little additional 
redundancy to implement both 
systems. The functions of these 
blocks are described in the following 
sections and relate to those shown 
in Fig.1. 


Data Recovery 


The Data Recovery Block receives 
wideband Manchester encoded data 
in sampled and sliced form from the 
Strobed Comparator Block, on 
which it performs the following 
functions: 


e clock recovery 
e Manchester decoding 
e data regeneration 


The Clock Recovery Block extracts 
an 8 or 10 KHz (TACS or AMPS) 
phase-locked clock signal from the 
Manchester encoded data stream. 
This is implemented using a 
digital-phase-locked-loop (PLL) 
which has an adjustable ‘bandwidth’ 
to provide both fast acquisition and 
iow jitter. 


Manchester decoding is performed 
by exclusive ORing the recovered 
Manchester encoded data with the 
recovered clock. 


The NRZ data regeneration is 
performed by a digital integrate and 
dump circuit. This consists of an 
up/down counter that counts 

1.2 MHz cycles during the data 
period. The sense of the count is 
determined by the result of the 
Manchester Decoder output. The 
number of counts is sampled at the 
end of a data period. If this number 
exceeds a threshold the data is 
latched as a 1 otherwise it is latched 
asa 0. 
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SAT Processing 


The Supervisory Audio Tone 
processing consists of the following 
functions: 


e SAT recovery 


© SAT determination 


e SAT regeneration 


SAT RECOVERY 


The SAT Recovery Block receives a 
filtered and sliced SAT signal which 
must be recovered before being 
routed to the Determination and 
Regeneration Blocks. 

The recovery is performed using a 
digital phase-locked-loop. 


SAT DETERMINATION 


The SAT Determination Block 
indicates which, if any, of the valid 
SAT tones is detected from the 
recovered SAT. The AMPS and 
TACS specifications require that a 
determination is made at least every 
250 ms. Determination involves 
counting the number of cycles of the 
regenerated SAT in this time period. 
This count is then compared to a set 
of four known counts which define 
the boundaries between the SAT 
frequencies and the SAT not valid 
events. The result is then coded into 
the l?C status registers MSCCO and 
MSCC1 as shown in Table 5. 


SAT REGENERATION 


The SAT Regeneration Block 
generates a digital SAT stream from 
the recovered SAT stream for 
transponding back to the base 
station. The AMPS and TACS 
specifications require the SAT to be 
transponded with a maximum phase 
shift of 20 degrees between the 
point the modulated RF signal 
enters the mobile from the base 
station, and the point the modulated 
RF leaves the mobile. A variable 
phase compensation circuit is 
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provided in DPROC to shift the 
recovered SAT through 0 to 

360 degrees before being passed to 
the output summing network. The 
degree of phase shift is determined 
during manufacture of the set and 
the required additional phase shift is 
stored in non-volatile RAM and 
programmed via |?C at each 
power-on cycle. The phase 
correction is performed by a counter 
delay method using signals which 
are phase locked to the recovered 
SAT. 


Dotting Detector 


The Dotting Detector Block 
determines whether a data inversion 
(dotting) pattern has been received 
on the Forward Voice Channel. The 
detection of 32 bits of data inversion 
indicates that the Clock Recovery 
Block has acquired bit 
synchronization and that the narrow 
bandwidth mode on the clock 
recovery phase-locked-loop is 
selected. This signal is also used to 
indicate that a data burst is 
expected and activates the audio 
mute RACTRL, after a Word 
Synchronization Block has been 
received, for the duration of the 
burst. 
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Table 5 Status registers MSCCO, MSCC1; decoded SAT frequencies. 





REGISTER 


| mscco MSCC1 


1 





Word Synchronization Detector 


The Word Synchronization Block 
performs the following functions: 


e« Frame Synchronization 


e Reverse Control Channel status 
(B/I determination) 


e Valid Serving System 
determination 


These functions are associated 
solely with the Forward Control 
Channel and have no meaning on 
the Forward Voice Channel. 


Information in a data stream is 
identified by its position with respect 
to a unique synchronization word. 
This synchronization word is an 
11-bit Barker code which has a low 
probability of simulation in an error 
environment, and can be easily’ 
detected. Data received is only 
considered valid at times when 
DPROC has achieved frame 
synchronization. In this condition the 
block leaves its search mode and 
enters its lock mode. This is 
indicated by bit WSYNC being set 
HIGH. In order to achieve this two 
consecutive synchronization words 
separated by 463 bits must be 
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SAT frequency band decoded SAT 
(Hz +2 Hz) (Hz) 
max. 5956 not valid 

5956 to 5986 5970 

~ 5986 to 6014 6000 
6014 to 6046 6030 — 
min. 6046 not valid 


detected. Once in lock mode, the 
synchronization word detector is 
examined every 463 bits and only 
loses frame synchronization after 

5 consecutive unsuccessful 
attempts at detecting the 
synchronization word have been 
made. At this point bit WSYNC is 
cleared and the device is returned to 
its search mode. On the Forward 
Voice Channel detection of the 
synchronization word indicates that 
the following 40 bits are valid data. 
Information detailing the status of 
the Reverse Control Channel is 
given by the Busy/Idle bits. These 
occur at intervals of 11 bits within 
the frame, the first occurring 
immediately following the 
synchronization word. The status of 
the channel is determined by a 
majority decision on the last three 
consecutive Busy/ldle bits. 


Majority Voting Block 


The Majority Voting Block performs 
the following functions: 


e identifying position and validity of 
frames in the received data 
stream 
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e extracting five repeats of each 
word from a valid frame 

e performing a bit-wise majority 
decision on the five repeats of 
the data word. 


The validity of the frames is 
determined by setting a counter in 
operation which times out and 
resets the circuitry after 920 or 

463 bit periods from detecting valid 
word synchronization. The time out 
period selected depends on whether 
DPROC is monitoring the Forward 
Voice or Control Channel 
respectively. 


Up to five repeats of the message 
word are searched for and extracted 
by DPROC. On the forward Voice 
Channel DPROC will extract the first 
five words that occur for which a 
correct synchronization word is 
found. These words can occur in 
any position in the frame. A serial 
majority vote is performed as the 
fifth word is being extracted. 
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Error Correction Block 


The Error Correction Block performs 
the following functions: 


e extraction of a valid message 
from the Majority-Voted Word 


¢ computation of the S1 and S3 
syndromes 


e correction of up to one error in 
the word 


¢ communication of received data 
to the System Controller via the 
Received Data Serial Link. 


Interpretation of parity of a received 
word is obtained from knowledge of 
the syndromes of the word. The 
syndromes are calculated using 
feedback shift registers with two 
characteristic equations: 


1+X+X® and 1 +X +X? + X4 + XS 


Once the syndromes of a received 
word are known, itis possible to 
determine if a correctable error is 
present. DPROC only corrects up to 
one error although the code used has 
a Hamming distance of five. The 
occurence of two or more errors is 
signalled by setting the BCH error 
flag, which is communicated to the 
System Controller via the Received 
Data Serial Link. 


Received Data Serial Link 


The Received Data Serial Link 
transfers data and control information 
from DPROC to the System 
Controller. The data is transferred on 
RXLINE under control of a clock 
signal RXCLK, generated by the 
System Controller. The system 
controller is informed of the arrival of 
a decoded data word in the DPROC 
output register by RXLINE being 
driven LOW. If the system controller 
chooses to ignore the received data 
or only partially clock the data out, the 
DPROC will reset the receive buffer 
for the next word after the period 
RWIN (See Fig.16). 
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DATA FORMAT 


Each Received Data word consists 
of 4 bytes. The word format is 
shown in Fig.15(a). The sense and 
function of the fields is shown in 
Table 6. 


LINK PROTOCOL 


The Received Data protocol is 
described by the timing diagram 
Fig.16(a) and has the following 
parameters: 


e maximum receive window (RWIN) 


Contro! Channel (TACS) = 
47 ms 


Control Channel (AMPS) = 
37 ms 


e minimum clock period (torkminy) = 
2 us 

¢ minimum clock hold-off (twar) = 
100 ps 


Transmit Data Serial Interface 


The Transmit Data Serial Link 
performs reception of data from the 
System Controller to DPROC over a 
dedicated line TXLINE. The transfer 
of data is synchronous with a clock 
signal TXCLK, generated by the 
System Controller. 


DATA FORMAT 


Each Transmit Data word consists of 
5 bytes. The word format is shown in 
Fig.15(b). The sense and function of 
the fields is shown in Table 7. 


LINK PROTOCOL 


Messages are nonnally up to 5 words 


in length on the Reverse Control 
Channel and up to 2 words in length 
on the Reverse Voice Channel. 
However, DPROC will transmit 
messages of any word length. These 
must be transmitted on the data 
stream without interruption. To avoid 
the need for large buffer areas, a 
flexible protocol is used to allow 
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DPROC to control the transfer of 
data words. DPROC has an on-chip 
buffer which can hold one complete 
word of a message. While new 
words are being loaded into 
DPROC, within the time period 
Buffer clear to end of TWIN, DPROC 
will maintain uninterrupted data 
transmission. The System Controller 
can abort the transmission of a 
message at any point activating the 
IC signal TXRST. This signal causes 
the interface to retum to its power-up 
state and resets TXIP and TXABRT 
(see Table 3). On completion of 
these tasks TXRST will return to its 
inactive state. The Transmit Data 
Protocol is described by the timing 
diagram shown in Fig.16(b) and has 
the following parameters: 


¢ maximum transmit window (TWIN) 
voice channel (TACS) = 60 ms 
voice channel (AMPS) = 48 ms 
control channel (TACS) = 29 ms 
control channel (AMPS) = 23 ms 


minimum clock period (ter kimin)) = 
aus 
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Table 6 Received Data word. 


























BIT TITLE SENSE FUNCTION 
31 . LOW identifies start of word 
30 active HIGH indicates that an uncorrected BCH error is 
associated with the word 
29 to 2 binary data received data word 
1 _ LOW if detected as HIGH indicates that a transmission 
error has occured on the microprocessor to DPROC 
serial link 
0 stop HIGH | identifies end of the word 
Table 7 Transmit data word. 
BIT SENSE FUNCTION 
39 start LOW identifies start of word 
38, 37 DCC | binary data digital colour code 























36 to 1 transmit data binary data transmit data word 
0 stop HIGH identifies end of the word 
MSB LSB 
START | BCHERROR RECEIVED WORD (28 bits) 7 CHECK BIT (= 0) 
Bit31 Bit 30 Bit 29 Bit2 Bit 1 Bit 0 
(a) 
MSB LSB 
Bit39  Bit38 Bit37 Bit 36 Bit 1 Bit 0 
M8C768 
(b) 
Fig.15 Data word formats; (a) received data word; (b) transmit data word. 











August 1993 1318 


Philips Semiconductors Integrated Circuits Objective specification 


Data processor for cellular radio (DPROC) UMA1000LT 











— % RWIN 















RXLINE 
RXCLK | 
WAIT | tCLK (min) + 
(a) DPROC holds TXLINE LOW 
during encoder stage | Hahenteae 
TXLINE 
WAIT 
TXCLK 
WIN creo 
(b) 
Where: 
typ = 100 ns minimum 
tsy = O ns minimum 
twarr = Ons minimum 
(1) The buffer busy time depends on whether the first or subsequent words are being loaded. 
(2) The system controller should monitor the TXLINE during bit 0, if the status of TXLINE does not change 


from a HIGH to a LOW on the rising edge of TXCLK, then a framing error has occured. This can be 
caused by glitches on the clock line or if an arbitration error occured while the DPROC transmit register 
was being loaded. The system controller should recover the situation by holding TXLINE HIGH and 
supplying clocks on TXCLK until TXLINE goes LOW. Then the situation should be treated as a normal 
channel arbitration failure as described in Reverse Control Channel Access Arbitration - Abort 
Procedure. 


Fig.16 Data timing diagrams; (a) DPROC to microcontroller link; receive data timing; (b) microcontroller to 
DPROC link; transmit data timing. 
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BCH and Manchester Encoding 
Block 


The functions performed by this 
circuit block include: 


° reception of data from the 
System Controller 


® parity generation 
e message construction 
e Manchester encoding 


Each 36-bit Information Word sent 
on the Reverse Voice and Control 
Channels is coded into a 48-bit code 
word. The code word consists of the 
36-bit word followed by 12 parity 
bits. These parity bits are formed by 
clocking the information word into a 
12-bit feedback shift register wiih 
characteristic equation: 


1+ X34 X44 KS + XB + K10 + X12 


The BCH Encoder Block constructs 
the Reverse Voice and Control 
Channel data streams from the 
information it receives from the 
System Controller. 

The streams are formed out of the 
four possible field types: 


@ Dotting (data inversions) 

e 11-bit Synchronization Word 
e Digital Colour Code 

e 48-bit code word 


The 2 bits of DCC received from the 
System Controller are coded into a 
7-bit word as shown in Table 8. 


The data sense for Manchester 
Encoding has a NRZ logic 1 
encoded as a 0-to-1 transition anda 
NRZ logic 0 encoded as a 1-to-0 
transition. 


Reverse Control Channel Access 
Arbitration 


The AMPS and TACS specifications 
require a method of arbitration on 
the Reverse Control Channel to 
prevent two mobiles from 
transmitting on the same channei at 
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the same time. This function is 
performed by DPROC monitoring 
the Busy/Idle stream sent on the 
Forward Control Channel. 


The AMPS and TACS specifications 
state that once the mobile has 
commenced transmitting on the 
Reverse Control Channel it must 
monitor the Busy/Idle stream. If this 
stream becomes active outside a 
predetermined ’window’, measured 
from the start of the transmission of 
the message, the mobile must 
terrcinate its transmission and 
disable the transmitter immediately. 


In the Cellular Radio chip-set there 
are two levels of control of the RF 
transmitter; the first is absolute 
contro! by the System Controller, the 
second is conditional by other 
devices in the set. In DPROC the 
conditional control of the transmitter 


is performed via the output TXCTRL. 


This line is effectively wired ANDed 
together, using open-drain outputs, 
with other devices which may wish 
to control the transmitter. When 
these devices do not wish to disable 
the transmitter their output is ina 
HIGH impedance state. 


An exception to this procedure 
occurs when the Serving System 
instructs the mobile not to monitor 
the Busy/ldle bits. In this event the 
arbitration logic can be disabled by 
clearing I?C register bit ABREN. 


The flow of events during a Control 
Channel Access attempt is as 
follows: 


INITIAL STATE 


e transmitter power off via l?C 


e DPROC transmit circuitry in 
power-up state 


e TXCTRL line HIGH 
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ACCESS ATTEMPT PROCEDURE 


1. 


oI 


system Controller decides to 
send message (see Note to 
the Access Attempt 
Procedure). 


System Controller drives 
TXCTRL LOW directly. 


System Controller switches 
transmitter power-on and waits 
for power-up for the transmitter 
module (RF transmitter is still 
disabled by TXCTRL). 


System Controller sets TXRST 
via |?C to DPROC. 


System Controller sets ABREN 
via |?C {if required) allowing 
DPROC to control the 
transmitter. 


system Controller determines 
status of Reverse Control 
Channel by monitoring the 
Busy/Idle bit. If busy, waits a 
random time then tries again. 


System Controller releases 
TXCTRL allowing it to be pulled 
HIGH enabling the transmitter 
output. 


System Centroller transfers the 
first word of the message to 
DPROC via serial link (see 
Note to the Access Attempt 
Procedure). 


DPROC sets I°C signal TXIP 
and starts sending message 
while monitoring Busy/Idle 
Status. 


. If channel becomes busy 


before 56 bits and ABREN is 
set then perform Abort 
Procedure. 


. If channel remains idle after 


104 bits and ABREN is set then 
perform Abort Procedure. 


. System controller loads the 


subsequent words of the 
message into DPROC when 
the buffer becomes clear 
(Fig.16b). 
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13. On completion of entire 
message DRPCO clears TXIP 
and 25 ms later the System 
Controller disables transmitter 
via I2C. 

14. System Controller finally sends 
TXRST to prepare DPROC for 
next transmission. 


Note to the Access Attempt 
Procedure 


At stage 1 the system controller may 
choose to preload DPROC with the 
first word of the message and hold it 
from transmission until stage 7 
using the TXHOLD line. This gives a 
lower time overhead between 
detecting an IDLE channel and 
commencing the transmission. To 
use this feature TXHOLD must be 
driven HIGH before the last bit of 
data has been transferred into 
DPROC. Figure 17 illustrates the 
DPROC data transmission timing. 


ABORT PROCEDURE (SEE FiG.18) 


1. DPROC immediately disables 
transmitter output by driving 
TXCTRL LOW. 


2. DPROC sets TXABRT. 


3. System Controller detects failure 
by monitoring TXCTRL and 
TXABRT. 

4. System Controller disables 
transmitter via RF power 
amplifier. 

5. System Controller sends TXRST 
to prepare DPROC for next 
transmission. 


Table 8 Digital Colour Code; 7-bit word. 


‘Coded Dcc 


Note to the Abort Procedure 


If a message is loaded into DPROC 
after a TXABRT has occured this 
word will remain in the DPROC 
transmit register and will not be 
cleared to TXRST. 


~ {f this situation arises the method of 


clearing the buffer ready for a 
second access attempt is to leave 
TXHOLD LOW and then send a 
TXRST prior to setting up a new 
transmission after TXLINE goes 
HIGH; this will clear any residual 
data in the buffer. 


Signal Tone Generation (ST) 


The 8 or 10 kHz (TACS or AMPS) 
tone generated from the Manchester 
Encoding Block is used as the 
Signalling Tone stream. 


ANALOG CIRCUIT BLOCKS 
General 


The analog signal processing 
functions on DPROC are 
implemented using 
switched-capacitor techniques. The 
main filtering functions are operated 
at 300 kHz, and these circuits are 
‘interfaced’ to the continuous time 
and sampled digital domains by 
distributed RC active filters, passive 
interpolators and comparators. 


The distributed RC sections, the 
Anti-Alias Filter and the Clock Noise 
Filter, are non-critical and are 
designed to tolerate process 
spreads. The critical filtering in the 
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SAT Filter and the Output Filter, is 
performed by 300 kHz 
switched-capacitor circuitry. The 
Passive Interpolators increase the 
sampling rate from 300 kHz to 

1.2 MHz. The sampled analog 
signals from the Passive 
interpolators are converted to 
sampled 2-state digital signals by 
the Strobed Comparators. The 
Gated Digital-to-Analog converters 
and Analog Summer blocks perform 
resynchronization and sub-sampling 
of the digitally generated DPROC 
output signals, and conversion to 
the sampled analog domain. 


These analog section of the device 
are shown in Fig.t. 


Reference Voltage Generator 


The Reference Voltage Generator 
generates the analog ground 
reference voltage (AGND) used 
internally within the DPROC device. 
To minimize noise AGND must be 
externally decoupled to VSSA as 
shown in Fig.19. 


Anti-Alias Filter 


The Anti-Alias Filter is placed before 
the SAT sampling block to prevent 
any unwanted signals or 
high-frequency noise present on the 
DEMODD pin being aliased into the 
pass-band by the sampling action of 
the switched-capacitor filter. To 
achieve this the Anti-Alias Filter is a 
continuous time-distributed 
RC-active low-pass filter. 
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DPROC pane DPROC 
holds LOW holds LOW 
TXLINE TXLINE TXLINE 





word 2 





TXLINE 


TXHOLD | rt tC 


g 


dotting W.S.DCC word1 Parity word 1 ry mo word 1 Parity 
repeatt repeat 2 repeat 5 
30 11 7 (36 12 36 12 36 12 
DPROC 
releases DPROC 
TXLINE holds LOW 
‘ word 3 TXLINE Lf word 4 hi 
TXLINE ,4 , eo» 
continued — | | | { | | | | l } | c> 
TXHOLD i a i 
continued — — 


a 5 


DPROC data 
conned oe 


Parity word2 Parity word2 ry to word2 Parity Wword3 Parity .., 
repeat 1 repeat 2 repeat 5 repeat 1 
12 36 12 36 12 12 36 12 
TXLINE a 
continued a I | 
TXHOLD | 
continued —, 


Ps 





DPROC data 
continued — 





Parity wordn Parity wordn Parity . . wordn = Parity 
repeat 1 repeat 2 | | repeat 5 
12 36 12 36 12 36 12 MEA173 


Fig.17 DPROC data transmission timing/microcontroller interface. 
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SAT Input Filter 


The SAT Input Filter is a 
switched-capacitor filter which 
provides band-pass filtering of the 
SAT signals from the DEMODD pin 
to improve the SAT signal-to-noise 
ratio prior to recovery and 
transponding. 


Passive Interpolator 


The function of the Passive 
Interpolator is to increase the 
sampling rate at the output of the 
switched-capacitor filters. This 
reduces the coarseness of the - 
zero-crossing information which 
would otherwise cause 
unacceptable isochronous distortion 
in the recovered signai. 


Strobed Comparators 


The Strobed Comparators form the 
analog-to-digital interface for the 
received data and SAT signals from 
the DEMODD pin. These 
comparators act as limiting 
amplifiers which convert the filtered 
sampled analog signals into 2-state 
sampled digital signals containing 
only the zero-crossing information 
from the analog signal. 


Fable 9 Relative signal weights. 


SIGNAL 


Gated Digital-to-Analog and 
Analog Summer 


The Gated Digital-to-Analog 
converters and Analog Summer 
form the interface between the 
digital and analog circuitry on the 


« transmit path of DPROC. It is at this 


point that the three sampled digital 
signals, containing SAT, ST and 
encoded digital data, are combined 
to form a composite signal. 

The data streams are enabled by 
the °C signals STEN, SATEN and 
the internal signal DATAEN 
respectively (DATAEN disables SAT 
and ST when data is being 
transmitted). The digital-to-analog 
conversion and sub-sampling 
operation is performed by the Gated 
Digital-to-Analog converters and 
Analog Summer. The relative signal 
weights applied in the summer (with 
respect to the data path) are shown 
in Table 9. 





Objective specification 


UMA1000LT 


Output Filter 


The Output Filter is a 
switched-capacitor filter which 
performs band-limiting of the 
DPROC output signals in 
accordance with the AMPS and 
TACS specifications. The required 
below band roll-off is achieved via 
external AC coupling fromthe DATA 


pin. 


Clock Noise Filter 


The filter is a non-critical continuous 
time-distributed RC-active low-pass 
filter used to remove any switching 
transient residues from the output 
signal. 
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Data processor for cellular radio (DPROC) UMA1000LT 
DPROC arbitration failure  |?C-bus 
leases Busy/Idle stream send 
Rhea OXLINE ciear remains Idle TXRST 
OT AIC TXLINE after 104 bits to DPROC ts 







new transmisson 


TXLINE 


TXHOLD 





|| 


dotting W.S.BCC word1 Parity word! , , 
repeatt repeat 2 } | 
30 11. 7 36 j2 truncated | . 





TXCTRL | 


12C-bus 











! a 
MEAt72 


Fig.18 DPROC data transmission timing/microcontroller interface during arbitration failure. 
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Compandor NE570/571/SA571 
DESCRIPTION PIN CONFIGURATION 
The NE570/571 is a versatile low cost dual gain control circuit in 1 
; ; D, F, and N Packages 
which either channel may be used as a dynamic range compressor 
or expandor. Each channel has a full-wave rectifier to detect the RECT CAP 1 RECT CAP 2 
average value of the signal, a linerarized temperature-compensated 
ie RECT IN 1 RECT IN.2 
variable gain cell, and an operational amplifier. 
AG CELL IN 1 AG CELL IN 2 
The NE570/571 is well suited for use in cellular radio and radio 5 
communications systems, modems, telephone, and satellite oN ce 
broadcast/receive audio systems. INV. IN 1 INV. IN 2 
RES. R31 RES. Rg 2 
FEATURES : : 
OUTPUT 1 110] OUTPUT 2 
® Complete compressor and expandor in one IChip 
THD TRIM 1 |9 | THD TRIM 2 





® Temperature compensated 


TOP VIEW 


® Greater than 110dB dynamic range NOTE: 
1. SOL - Released in Large SO Package Only. 








® Operates down to 6VDC 
f ® Telephone trunk compandor—570 


® System levels adjustable with external components 6 Telsphond cabecnbercompandor=s73 


® Distortion may be trimmed out © High level limiter 
vel limi 


® Dynamic noise reduction systems esau d ; 
ow level expandor—noise gate 


® Voltage-controlled amplifier e Dunas 
y ic fi 


®@ CD Player 
APPLICATIONS 


® Cellular radio 


ORDERING INFORMATION 


[DESCRIPTION | TEMPERATURERANGE | ORDER CODE | DWa¥ 





BLOCK DIAGRAM 



























THD TRIM © R30 INVERTER IN 
R2 20k g R3 20k 
AG IN VARIABLE 
Oo NAVAN CAIN 
OUTPUT 
VREF 
S R4 30k 1.8V 
R1 10k 
RECT IN 
= AN, RECTIFIER sth 
RECT CAP 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER _ ) | 


Maximum operating voltage 
Voc 





RATING 























Operating ambient temperature range 
NE 
SA 









a ae Power dissipation 







AC ELECTRICAL CHARACTERISTICS 


Vec = +6V, Ta = 25°C; unless otherwise stated. 


SYMBOL | PARAMETER 


Supply voltage 
flee = A Supply current 










TEST CONDITIONS 








Output slew rate 


<a 
[| [eencetasontent | Stes || tas [88 he 














i 

a : 
— ie 

a 
Sa 

—— 


Tracking error (measured 
relative to value at unity 

gain) equals [Vo - Vo (unity | 
gain)] dB - VodBm 







Rectifier input, 
Vo = +6dBm, V; = 0dB 







NOTES: 

1. Input to V; and Vo grounded. 

Measured at 0dBm, 1kHz. 

Expandor AC input change from no signal to OdBm. 

Relative to value at Ta = 25°C. 

Electrical characteristics for the SA571 only are specified over -40 to +85°C temperature range. 
OdBm = 775mVeaus. 


Oa wh 
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CIRCUIT DESCRIPTION 

The NE570/571 compandor building blocks, as shown in the block 
diagram, are a full-wave rectifier, a variable gain cell, an operational 
amplifier and a bias system. The arrangement of these blocks in the 
IC result in a circuit which can perform well with few external 
components, yet can be adapted to many diverse applications. 


The full-wave rectifier rectifies the input current which flows from the 
rectifier input, to an internal summing node which is biased at Vrer. 
The rectified current is averaged on an external filter capacitor tied 
to the Ceect terminal, and the average value of the input current 
controls the gain of the variable gain cell. The gain will thus be 
proportional to the average value of the input signal for 
capacitively-coupled voltage inputs as shown in the following 
equation. Note that for capacitively-coupled inputs there is no offset 
voltage capable of producing a gain error. The only error will come 
from the bias current of the rectifier (supplied internally) which is 


less than 0.1pA. 
Vin —-—V | av 
G«—"s REF g 
R, 


or 
| Vin, | avg 
x ———_—_——— 


Ry 


The speed with which gain changes to follow changes in input signal 
levels is determined by the rectifier filter capacitor. A small capacitor 
will yield rapid response but will not fully filter low frequency signals. 
Any ripple on the gain control signal will modulate the signal passing 
through the variable gain cell. In an expander or compressor 
application, this would lead to third harmonic distortion, so there is a 
trade-off to be made between fast attack and decay times and 
distortion. For step changes in amplitude, the change in gain with 
time is shown by this equation. 

G(t) = (Ginitial = Giinaie — ft 

+ Gringi § tT = 10K X Crecy 


The variable gain cell is a current-in, current-out device with the ratio 
lout/lin controlled by the rectifier. Ij, is the current which flows from 
the AG input to an internal summing node biased at Vrer. The 
following equation applies for capacitively-coupled inputs. The 
output current, lout, is fed to the summing node of the op amp. 

_ Yin NVrer _ Vin 

7 Ro ~ RS 

A compensation scheme built into the AG cell compensates for 
temperature and cancels out odd harmonic distortion. The only 
distortion which remains is even harmonics, and they exist only 
because of internal offset voltages. The THD trim terminal provides 
a means for nulling the internal offsets for low distortion operation. 


lin 


The operational amplifier (which is internally compensated) has the 
non-inverting input tied to Vrer, and the inverting input connected to 
the AG cell output as well as brought out externally. A resistor, R3, is 
brought out from the summing node and allows compressor or 
expander gain to be determined only by internal components. 


The output stage is capable of +20mA output current. This allows a 
+13dBm (3.5Vams) output into a 300Q load which, with a series 
resistor and proper transformer, can result in +13dBm with a 600Q 
output impedance. 


A bandgap reference provides the reference voltage for all summing 
nodes, a regulated supply voltage for the rectifier and AG cell, anda 
bias current for the AG cell. The low tempco of this type of reference 
provides very stable biasing over a wide temperature range. 
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The typical performance characteristics illustration shows the basic 
input-output transfer curve for basic compressor or expander 
circuits. 
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TYPICAL TEST CIRCUIT 


Vcc = 15V 























INTRODUCTION 

Much interest has been expressed in high performance electronic 
gain control circuits. For non-critical applications, an integrated 
circuit operational transconductance amplifier can be used, but 
when high-performance is required, one has to resort to complex 
discrete circuitry with many expensive, well-matched components. 
This paper describes an inexpensive integrated circuit, the NE570 
Compandor, which offers a pair of high performance gain control 
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circuits featuring low distortion (<0.1%), high signal-to-noise ratio 
(90dB), and wide dynamic range (110dB). 


CIRCUIT BACKGROUND 

The NE570 Compandor was originally designed to satisfy the 
requirements of the telephone system. When several telephone 
channels are multiplexed onto a commen line, the resulting 
signal-to-noise ratio is poor and companding is used to allow a wider 
dynamic range to be passed through the channel. Figure 1 
graphically shows what a compandor can do for the signal-to-noise 
ratio of a restricted dynamic range channel. The input level range of 
+20 to -80dB is shown undergoing a 2-to-1 compression where a 
2dB input level change is compressed into a 1dB output level 
change by the compressor. The original 100dB of dynamic range is 
thus compressed to a 50dB range for transmission through a 
restricted dynamic range channel. A complementary expansion on 
the receiving end restores the original signal levels and reduces the 
channel noise by as much as 45dB. 


The significant circuits in a compressor or expander are the rectifier 
and the gain control element. The phone system requires a simple 
full-wave averaging rectifier with good accuracy, since the rectifier 
accuracy determines the (input) output level tracking accuracy. The 
gain cell determines the distortion and noise characteristics, and the 
phone system specifications here are very loose. These specs could 
have been met with a simple operational transconductance 
multiplier, or OTA, but the gain of an OTA is proportional to 
temperature and this is very undesirable. Therefore, a linearized 
transconductance multiplier was designed which is insensitive to 
temperature and offers low noise and low distortion performance. 
These features make the circuit useful in audio and data systems as 
well as in telecommunications systems. 


BASIC CIRCUIT HOOK-UP AND OPERATION 

Figure 2 shows the block diagram of one half of the chip, (there are 
two identical channels 

on the IC). The full-wave averaging rectifier provides a gain control 
current, lg, for the variable gain (AG) cell. The output of the AG cell 
is a current which is fed to the summing node of the operational 
amplifier. Resistors are provided to establish circuit gain and set the 
output DC bias. 





EXPANSION 


INPUT OUTPUT 
LEVEL LEVEL 


0dB eee (dB 


ee 


—80 


COMPRESSION 





-80 








Figure 1. Restricted Dynamic Range Channel 
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THD TRIM Rg INVIN 
O 
8,9 [6,11 | 5,12 
R2 
GIN 20k 
(OaAN OUTPUT 
3,14 Se 
RECT : 
2,15 R Vcc PIN 13 
1,16 cc 
te, <0 GND PIN 4 
CRECT 
Figure 2. Chip Block Diagram (1 of 2 Channels) 





























VIN 
O——e 
NOTE: 2 Pag Vyy (29) 
LS Daa a - e a 
A IRBs 
Ip = 140uA 


*EXTERNAL COMPONENTS 


Figure 3. Basic Expander 











The circuit is intended for use in single power supply systems, so 
the internal summing nodes must be biased at some voltage above 
ground. An internal band gap voltage reference provides a very 
stable, low noise 1.8V reference denoted Veer. The non-inverting 
input of the op amp is tied to Vag, and the summing nodes of the 
rectifier and AG cell (located at the right of Ry and Ro) have the 
same potential. The THD trim pin is also at the Va¢r potential. 


Figure 3 shows how the circuit is hooked up to realize an expandor. 
The input signal, Vij, is applied to the inputs of both the rectifier and 
the AG cell. When the input signal drops by 6dB, the gain control 
current will drop by a factor of 2, and so the gain will drop 6dB. The 
output level at Vout will thus drop 12dB, giving us the desired 2-to-1 
expansion. 


Figure 4 shows the hook-up for a compressor. This is essentially an 
expandor placed in the feedback loop of the op amp. The AG cell is 
setup to provide AC feedback only, so a separate DC feedback loop 
is provided by the two Rpc and Cpc. The values of Rpc will 
determine the DC bias at the output of the op amp. The output will 
bias to: 


Roc1 + Roce 
Ra 


R eeor 1.8V 


Voyr DO = 1 + 


Veer = ( + 30k 
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The output of the expander will bias up to: 
Rg 
Voyr DC = 1 + A; Veer 


20k 
Vere = (: + OK 1.8V = 3.0V 
The output will bias to 3.0V when the internal resistors are used. 
External resistors may be placed in series with Rg, (which will affect 
the gain), or in parallel with R, to raise the DC bias to any desired 
value. 








NOTES: i 


R, Ry Ip \2 
erga ele 

3 * INavg 
Ig = 140nA 


External components 


Figure 4. Basic Compressor 











V+ 


<—— f=Vin/ Ry 


CR 





Figure 5. Rectifier Concept 











CIRCUIT DETAILS—RECTIFIER 

Figure 5 shows the concept behind the full-wave averaging rectifier. 
The input current to the summing node of the op amp, VinR3, is 
supplied by the output of the op amp. If we can mirror the op amp 
output current into a unipolar current, we will have an ideal rectifier. 
The output current is averaged by Rs, CR, which set the averaging 
time constant, and then mirrored with a gain of 2 to become lg, the 
gain control current. 
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VIN avg 
R 1 


= 2 





Figure 6. Simplified Rectifier Schematic 





Figure 6 shows the rectifier circuit in more detail. The op amp is a 
one-stage op amp, biased so that only one output device is on ata 
time. The non-inverting input, (the base of Q1), which is shown 
grounded, is actually tied to the internal 1.8V Vaer The inverting 
input is tied to the op amp output, (the emitters of Qg and Qg), and 
the input summing resistor Ry. The single diode between the bases 
of Qs and Q¢ assures that only one device is on at a time. To detect 
the output current of the op amp, we simply use the collector 
currents of the output devices Qs and Qg. Q¢ will conduct when the 
input swings positive and Qs conducts when the input swings 
negative. The collector currents will be in error by the a of Qs or Qg 
on negative or positive signal swings, respectively. ICs such as this 
have typical NPN Bs of 200 and PNP Bs of 40. The a’s of 0.995 and 
0.975 will produce errors of 0.5% on negative swings and 2.5% on 
positive swings. The 1.5% average of these errors yields a mere 
0.13dB gain error. 


At very low input signal levels the bias current of Qo, (typically 
50nA), will become significant as it must be supplied by Qs. Another 
low level error can be caused by DC coupling into the rectifier. If an 
offset voltage exists between the Vjjy input pin and the base of Qo, 
an error current of Vos/Ry will be generated. A mere 1mV of offset 
will cause an input current of 100nA which will produce twice the 
error of the input bias current. For highest accuracy, the rectifier 
should be coupled into capacitively. At high input levels the B of the 
PNP Qg¢ will begin to suffer, and there will be an increasing error until 
the circuit saturates. Saturation can be avoided by limiting the 
current into the rectifier input to 250u/A. If necessary, an external 
resistor may be 


placed in series with R, to limit the current to this value. Figure 7 
shows the rectifier accuracy vs input level at a frequency of 1kHz. 
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Figure 7. Rectifier Accuracy 


At very high frequencies, the response of the rectifier will fall off. The 
roll-off will be more pronounced at lower input levels due to the 
increasing amount of gain required to switch between Qs or Qg 
conducting. The rectifier frequency response for input levels of 
OdBm, -20dBm, and -40dBm is shown in Figure 8. The response at 
all three levels is flat to well above the audio range. 
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Figure 8. Rectifier Frequency Response vs Input Level 








VARIABLE GAIN CELL 

Figure 9 is a diagram of the variable gain cell. This is a linearized 
two-quadrant transconductance multiplier. Q;, Qo and the op amp 
provide a predistorted drive signal for the gain control pair, Q3 and 
Q4. The gain is controlled by Ig and a current mirror provides the 
output current. 


The op amp maintains the base and collector of Q; at ground 
potential (VRer) by controlling the base of Qo. The input current l)j 
(=Vin/Re) is thus forced to flow through Q, along with the current lj, 
SO Ioq=I14+l\n. Since lo has been set at twice the value of I;, the 
current through Qo is: 


lo-(lq+lind=H -lin=Ico. 


The op amp has thus forced a linear current swing between Q, and 
Qo by providing the proper drive to the base of Qo. This drive signal 
will be linear for small signals, but very non-linear for large signals, 
since it is compensating for the non-linearity of the differential pair, 
Q, and Qo, under large signal conditions. 


The key to the circuit is that this same predistorted drive signal is 
applied to the gain control pair, Q3 and Q4. When two differential 
pairs of transistors have the same signal applied, their collector 
current ratios will be identical regardless of the magnitude of the 
currents. This gives us: 

Vor _ loa yt din 


lop log LL — lin 
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plus the relationships Ig=!o3+Ilc4 and Ioyt=lc4-lc3 will yield the 
multiplier transfer function, 


la, _ Vinia 


| = IN = 
OUT IN R 
F aly 


This equation is linear and temperature-insensitive, but it assumes 
ideal transistors. 
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Figure 9. Simplified AG Cell Schematic 
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Figure 10. AG Cell Distortion vs Offset Voltage 


If the transistors are not perfectly matched, a parabolic, non-linearity 
is generated, which results in second harmonic distortion. Figure 10 
gives an indication of the magnitude of the distortion caused by a 
given input level and offset voltage. The distortion is linearly 
proportional to the magnitude of the offset and the input level. 
Saturation of the gain cell occurs at a +8dBm level. At a nominal 
operating level of OdBm, a imV offset will yield 0.34% of second 
harmonic distortion. Most circuits are somewhat better than this, 
which means our overall offsets are typically about mV. The 
distortion is not affected by the magnitude of the gain control 
current, and it does not increase as the gain is changed. This. 
second harmonic distortion could be eliminated by making perfect 
transistors, but since that would be difficult, we have had to resort to 
other methods. A trim pin has been provided to allow trimming of the 
internal offsets to zero, which effectively eliminated 


second harmonic distortion. Figure 11 shows the simple trim network 
required. 
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Figure 12 shows the noise performance of the AG cell. The 
maximum output level before clipping occurs in the gain cell is 
plotted along with the output noise in a 20kHz bandwidth. Note that 
the noise drops as the gain is reduced for the first 20dB of gain 
reduction. At high gains, the signal to noise ratio is 90dB, and the 
total dynamic range from maximum signal to minimum noise is 
110dB. 
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Figure 11. THD Trim Network 








Control signal feedthrough is generated in the gain cell by imperfect 
device matching and mismatches in the current sources, |; and lo. 
When no input signal is present, changing Ig will cause a small 
output signal. The distortion trim is effective in nulling out any control 
signal feedthrough, but in general, the null for minimum feedthrough 
will be different than the null in distortion. The control signal 
feedthrough can be trimmed independently of distortion by tying a 
current source to the AG input pin. This effectively trims |. Figure 13 
shows such a trim network. 
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Figure 12. Dynamic Range of NE570 
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OPERATIONAL AMPLIFIER 

The main op amp shown in the chip block diagram is equivalent to a 
741 with a 1MHz bandwidth. Figure 14 shows the basic circuit. Split 
collectors are used in the input pair to reduce gy, so that a small 
compensation capacitor of just 10pF may be used. The output 
stage, although capable of output currents in excess of 20mA, is 
biased for a low quiescent current to conserve power. When driving 
heavy loads, this leads to a small amount of crossover distortion. 


RESISTORS 

Inspection of the gain equations in Figures 3 and 4 will show that the 
basic compressor and expander circuit gains may be set entirely by 
resistor ratios and the internal voltage reference. Thus, any form of 
resistors that match well would suffice for these simple hook-ups, 
and absolute accuracy and temperature coefficient would be of no 
importance. However, as one starts to modify the gain equation with 
external resistors, the internal resistor accuracy and tempco become 
very significant. Figure 15 shows the effects of temperature on the 
diffused resistors which are normally used in integrated circuits, and 
the ion-implanted resistors which are used in this circuit. Over the 
Critical 0°C to +70°C temperature range, there is a 10-to-1 improve- 
ment in drift from a 5% change for the diffused resistors, to a 0.5% 
change for the implemented resistors. The implanted resistors have 
another advantage in that they can be made the size of the diffused 
resistors due to the higher resistivity. This saves a significant 
amount of chip area. 
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Figure 14. Operational Amplifier 
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Figure 15. Resistance vs Temperature 
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APPLICATIONS 
The following circuits will illustrate some of the wide variety of 
applications for the NE570. 


BASIC EXPANDOR 

Figure 1 shows how the circuit would be hooked up for use as an 
expandor. Both the rectifier and AG cell inputs are tied to Viy so that 
the gain is proportional to the average value of (Vij). Thus, when 
Vin falls 6dB, the gain drops 6dB and the output drops 12dB. The 
exact expression for the gain is 


2 
2 R3 Vin ad 


Gain exp. = PaRals 


Ip = 140A 


The maximum input that can be handled by the circuit in Figure 1 is 
a peak of 3V. The rectifier input current can be as large as 
I=3V/R4=3V/10k=300uA. The AG cell input current should be limited 
to l=2.8V/Ro=2.8V/20k=140uA. If it is necessary to handle larger 
input voltages than 0 +2.8V peak, external resistors should be 
placed in series with Ry and Re to limit the input current to the above 
values. 


Figure 1 shows a pair of input capacitors Cj, and Cjno. It is now 
necessary to use both capacitors if low level tracking accuracy is not 
important. If Ry and Re are tied together and share a common 
capacitor, a small current will flow between the AG cell summing 
node and the rectifier summing node due to offset 








R3 








VOUT 











7- CRECT 








Figure 1. Basic Expandor 





voltages. This current will produce an error in the gain control signal 
at low levels, degrading tracking accuracy. 


The output of the expandor is biased up to 3V by the DC gain 
provided by R3, R4. The output will bias up to 


3 
Voutpc = 1 + Ry Ver 


For supply voltages higher than 6V, R4 can be shunted with an 
external resistor to bias the output up to Vcc. 


Note that it is possible to externally increase R;, Ro, and R3, and to 
decrease R3 and Ry. This allows a great deal of flexibility in setting 
up system levels. If larger input signals are to be handled, R; and 
Ro may be increased; if a larger output is required, R3 may be 
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increased. To obtain the largest dynamic range out of this circuit, the 
rectifier input should always be as large as possible (subject to the 
+300uA peak current restriction). 


BASIC COMPRESSOR | 

Figure 2 shows how to use the NE570/571 as a compressor. It 
functions as an expandor in the feedback loop of an op amp. If the 
input rises 6dB, the output can rise only 3dB. The 3cB increase in 
output level produces a 3dB increase in gain in the AG cell, yielding 
a 6dB increase in feedback current to the summing node. Exact 
expression for gain is 


R, Re Ip i 


Gain comp. = ea 


The same restrictions for the rectifier and AG cell maximum input 
current still hold, which place a limit on the maximum compressor 
output. As in the expandor, the rectifier and AG cell inputs could be 
made common to save a capacitor, but low level tracking accuracy 
would suffer. Since there is no DC feedback path around the op amp 
through the AG cell, one must be provided externally. The pair of 
resistors Roc and the capacitor Cpc must be provided. The op amp 
output will bias up to . 


Roc 
Voutpe = i ’ 2 VREF 


For the largest dynamic range, the compressor output should be as 
large as possible so that the rectifier input is as large as possible 
(subject to the +300uA peak current restriction). If the input 

signal is small, a large output can be produced by reducing Rg with 
the attendant decrease in input impedance, or by increasing R or 
Ro. It would be best to increase Ro rather than R, so that the 
rectifier input current is mot reduced. 
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Figure 2. Basic Compressor 











DISTORTION TRIM 

Distortion can be produced by voltage offsets in the AG cell. The 
distortion is mainly even harmonics, and drops with decreasing input 
signal (input signal meaning the current into the AG cell). The THD 
trim terminal provides a means for trimming out the offset voltages 
and thus trimming out the distortion. The circuit shown in Figure 3 is 
suitable, as would be any other capable of delivering +30uA into 
100Q resistor tied to 1.8V. 
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Figure 4. Expandor With Low Level Mistracking 





LOW LEVEL MISTRACKING 

The compandor will follow a 2-to-1 tracking ratio down to very low 
levels. The rectifier is responsible for errors in gain, and it is the 
rectifier input bias current of <100nA that produces errors at low 
levels. The magnitude signal level drops to a 1A average, the bias 
current will produce a 10% or 1dB error in gain. This will occur at 
42dB below the maximum input level. 





To THD Trim 


Figure 3. THD Trim Network 


It is possible to deviate from the 2-to-1 transfer characteristic at low 
levels as shown in the circuit of Figure 4. Either Ra or Rep, (but not 
both), is required. The voltage on Crect is 2xVpe plus Vin avg. For 
low level inputs Vix avg is negligible, so we can assume 1.3V as the 
bias on Crecr. If Ra is placed from Cpect to AND we will bleed off 
a current l=1.3V/Ra. If the rectifier average input current is less than 
this value, there will be no gain control input to the AG cell so that its 
gain will be zero and the expandor output will be zero. As the input 
level is raised, the input current will exceed 1.3V/Ra and the 
expandor output will become active. For large input signals, Ra will 
have little effect. The result of this is that we will deviate from the 
2-to-1 expansion, present at high levels, to an infinite expansion at 
low levels where the output shuts off completely. Figure 5 shows 
some examples of tracking curves which can be obtained. 
Complementary curves would be obtained for a compressor, where 
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at low level signals the result would be infinite compression. The 
bleed current through Ra will be a function of temperature because 
of the two Vee drops, so the low level tracking will drift with 
temperature. If a negative supply is available, if would be desirable 
to tie Ra to that, rather than ground, and to increase its value 
accordingly. The bleed current will then be less sensitive to the Var 
temperature drift. 
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Figure 5. Mistracking With Ra 














Rep will supply an extra current to the rectifier equal to 
(Vcc—-1.3V)Rp. In this case, the expandor transfer characteristic will 
deviate towards 1-to-1 at low levels. At low levels the expandor gain 
will stop dropping and the expansion will cease. In a compressor, 
this would lead to a lack of compression at low levels. Figure 6 
shows some typical transfer curves. An Re value of approximately 
2.5M would trim the low level tracking so as to match the Bell 
system N2 trunk compandor characteristic. 
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Figure 6. Mistracking With Rp 
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Figure 7. Rectifier Bias Current Compensation 
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Figure 8. Rectifier Performance With 
Bias Current Compensation 








RECTIFIER BIAS CURRENT CANCELLATION 

The rectifier has an input bias current of between 50 and 100nA. 
This limits the dynamic range of the rectifier to about 60GB. It also 
limits the amount of attenuation of the AG cell. The rectifier dynamic 
range may be increased by about 20dB by the bias current trim 
network shown in Figure 7. Figure 8 shows the rectifier performance 
with and without bias current cancellation. 
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Figure 9. Gain vs Time Input Steps of +10, +20, +30dB 
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Figure 10. Compressor Attack Envelope +12dB Step 
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Figure 11. Compressor Release Envelope —12dB Step 








ATTACK AND DECAY TIME 

The attack and decay times of the compandor are determined by the 
rectifier filter time constant 10kxCrecr. Figure 9 shows how the gain 
will change when the input signal undergoes a 10, 20, or 30dB 
change in level. 


The attack time is much faster than the decay, which is desirable in 
most applications. Figure 10 shows the compressor attack envelope 
fora +12qB step in input level. The initial output level of 1 unit 
instantaneously rises to 4 units, and then starts to fall towards its 
final value of 2 units. The CCITT recommendation on attack and 
decay times for telephone system compandors defines the attack 
time as when the envelope has fallen to a level of 3 units, 
corresponding to t=0.15 in the figure. The CCITT recommends an 
attack time of 3 +2ms, which suggests an RC product of 20ms. 
Figure 11 shows the compressor output envelope when the input 
level is suddenly reduced 12dB. The output, initially at a level of 4 
units, drops 12dB to 1 unit and then rises to its final value of 2 units. 
The CCITT defines release time as when the output has risen to 1.5 
units, and suggests a value of 13.5 +9ms. This corresponds to 
t=0.675 in the figure, which again suggests a 20ms RC product. 
Since R;=10k, the CCITT recommendations will be met if 


CrecT=2HF. 
There is a trade-off between fast response and low distortion. Ifa 


small Crect is used to get very fast attack and decay, some ripple 
will appear on the gain control line and produce distortion. As a rule, 
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a 1pF Crect will produce 0.2% distortion at 1KHz. The distortion is 
inversely proportional to both frequency and capacitance. Thus, for 
telephone applications where CpecT=2uF, the ripple would cause 
0.1% distortion at 1kHz and 0.33% at 800Hz. The low frequency 
distortion generated by a compressor would be cancelled (or 
undistorted) by an expandor, providing that they have the same 
value of Crecr. 


FAST ATTACK, SLOW RELEASE HARD LIMITER 
The NE570/571 can be easily used to make an excellent limiter. 
Figure 12 shows a typical circuit which requires of an NE570/571, 
of an LM339 quad comparator, and a PNP transistor. For small 
signals, the AG cell is nearly off, and the circuit runs at unity gain as 
set by Rg, R7. When the output signal tries to exceed a + or -1V 
peak, a comparator threshold is exceeded. The PNP is turned on 
and rapidly charges C, which activates the AG cell. Negative 
feedback through the AG cell reduces the gain and the output signal 
level. The attack time is set by the RC product of R;g and C4, and 
the release time is determined by C, and the internal rectifier 
resistor, which is 10k. The circuit shown attacks in less than 1ms 
and has a release time constant of 100ms. Rg trickles about 0.7nA 
through the rectifier to prevent C4 from becoming completely 
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Figure 13. Use of External Op Amp 








The slew rate, bandwidth, noise, and output drive capability can limit 
performance in many systems. For best performance, an external 
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Figure 12. Fast Attack, Slow Release Hard Limiter 
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discharged. The gain cell is activated when the voltage on Pin 1 or 
16 exceeds two diode drops. If C4 were allowed to become 
completely discharged, there would be a slight delay before it 
recharged to >1.2V and activated limiting action. 


A stereo limiter can be built out of 1 NE570/571, 1 LM339 and two 
PNP transistors. The resistor networks Ry2, Ry3 and Ry4, Ris, 
which set the limiting thresholds, could be common between 
channels. To gang the stereo channels together (limiting in one 
channel will produce a corresponding gain change in the second 
channel to maintain the balance of the stereo image), then Pins 1 
and 16 should be jumpered together. The outputs of all 4 
comparators may then be tied together, and only one PNP transistor 
and one capacitor C4 need be used. The release time will then be 
the product 5kxC, since two channels are being supplied current 
from C4. 


USE OF EXTERNAL OP AMP 
The operational amplifiers in the NE570/571 are not adequate for 
some applications. 







2/4 LM339 






OR LM393 






R18 












op amp can be used. The external op amp may be powered by 
bipolar supplies for a larger output swing. 


Figure 13 shows how an external op amp may be connected. The 
non-inverting input must be biased at about 1.8V. This is easily 
accomplished by tying it to either Pin 8 or 9, the THD trim pins, since 
these pins sit at 1.8V. An optional RC decoupling network is shown 
which will filter out the noise from the NE570/571 reference (typically 
about 10uV in 20kHz BW). The inverting input of the external op 
amp is tied to the inverting input of the internal op amp. The output 
of the external op amp is then used, with the internal op amp output 
left to float. if the external op amp is used single supply (+Vcc and 
ground), it must have an input common-mode range down to less 
than 1.8V. 
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There are four primary considerations involved in the application of : R, lp 
the NE570/571 in an N2 compandor. These are matching of input _ 12x 2 x 20k x 1.27 
and output levels, accurate 600Q input and output impedances, - 10k x 140uA 


conformance to the Bell system low level tracking curve, and proper 
attack and release times. 


Figure 14 shows the implementation of an N2 compressor. The input 
level of 0.245Vans is 


stepped up to 1.41Vans by the 6002: 20kQ matching transformer. 
The 20k input resistor properly terminates the transformer. An 
internal 20kQ resistor (R3) is provided, but for accurate impedance 
termination an external resistor should be used. The output 
impedance Is provided by the 4kQ output resistor and the 4kQ: 
600Q2 output transformer. 


The 0.275Vrms output level requires a 1.4V op amp output level. 
This can be provided by increasing the value of Ro with an external 
resistor, which can be selected to fine trim the gain. A 
rearrangement of the compressor gain equation (6) allows us to 
determine the value for Ro. 
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= 36.3k 


The external resistance required will thus be 36.3k—20k=16.3k. 


The Bell-compatible low level tracking characteristic is provided by 
the low level trim resistor from Crect to Vcc. As shown in Figure 6, 
this will skew the system to a 1:1 transfer characteristic at low 
levels. The 2uF rectifier capacitor provides attack and release times 
of 3ms and 13.5ms, respectively, as shown in Figures 10 and 11. 
The R-C-R network around the op amp provides DC feedback to 
bias the output at DC. 


An N2 expandor is shown in Figure 15. The input level of 3.27Vays 
is stepped down to 1.33V by the 600Q:100Q transformer, which is 
terminated with a 100Q resistor for accurate impedance matching. 
The output impedance is accurately set by the 150Q output resistor 
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and the 150Q:600Q output transformer. With this configuration, the 
3.46V transformer output requires a 3.46V op amp output. To obtain 
this output level, it is necessary to increase the value of Rg with an 
external trim resistor. The new value of R3 can be found with the 
expandor gain equation 


R, Ro I, Gain 
2 Vin avg 
10k x 20k x 140UA x 2.6 
2x 1.20 


3 = 


= 30.3k 


An external addition to Rg of 10k is required, and this value can be 
selected to accurately set the high level gain. 


A low level trim resistor from Crect to Vcc of about 3M provides 
matching of the Bell low-level tracking curve, and the 2uF value of 
Crect provides the proper attack and release times. A 16k resistor 
from the summing node to ground biases the output to 7Vpc. 


VOLTAGE-CONTROLLED ATTENUATOR 

The variable gain cell in the NE570/571 may be used as the heart of 
a high quality voltage-controlled amplifier (VCA). Figure 16 shows a 
typical circuit which uses an external op amp for better performance, 
and an exponential converter to get a control characteristic of 
—6dB/V. Trim networks are shown to null out distortion and DC shift, 
and to fine trim gain to OdB with OV of contro! voltage. 


Op amp Ag and transistors Qy and Qe form the exponential 
converter generating an exponential gain control current, which is 
fed into the rectifier. A reference current of 150A, (15V and 
Raop=100k), is attenuated a factor of two (6dB) for every volt 
increase in the control voltage. Capacitor Cg slows down gain 
changes to a 20ms time constant (CgxR1) so that an abrupt change 
in the control voltage will produce a smooth sounding gain change. 
Rg assures that for large control voltages the circuit will go to full 
attenuation. The rectifier bias current would normally limit the gain 
reduction to about 70dB. Rg draws excess current out of the 
rectifier. After approximately 50dB of attenuation at a -6dB/V slope, 
the slope steepens and attenuation becomes much more rapid until 
the circuit totally shuts off at about 9V of control voltage. A; should 
be a low noise high slew rate op amp. R13 and Ry4 establish 
approximately a OV bias at A,’s output. 


With a OV control voltage, Ryg should be adjusted for OdB gain. At 
1V(-6dB gain) Rg should be adjusted for minimum distortion with a 
large (+10dBm) input signal. The output DC bias (A; output) should 
be measured at full attenuation (+10V control voltage) and then Rg 
is adjusted to give the same value at OdB gain. Properly adjusted, 
the circuit will give typically less than 0.1% distortion at any gain with 
a DC output voltage variation of only a few millivolts. The clipping 
level (140uA into Pin 3, 14) is +10V peak. A signal-to-noise ratio of 
90dB can be obtained. 


If several VCAs must track each other, a common exponential 
converter can be used. Transistors can simply be added in parallel 
with Qs to control the other channels. The transistors should be 
maintained at the same temperature for best tracking. 


AUTOMATIC LEVEL CONTROL 
The NE570 can be used to make a very high performance ALC as 
shown in Figure 17. This circuit hook-up is very similar to the basic 
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compressor shown in Figure 2 except that the rectifier input is tied to 
the input rather than the output. This makes gain inversely 
proportional to input level so that a 20dB drop in input level will 
produce a 20dB increase in gain. The output will remain fixed at a 
constant level. As shown, the circuit will maintain an output level of 
+1dB for an input range of +14 to -43dB at 1kHz. Additional external 
components will allow the output level to be adjusted. Some relevant 
design equations are: 


“5 a (“Vi evo)) 
Ig = 140mA 
Ry Ro lp 

~ 2 Ry Vin (avg) 


Output level = 


Gain where 


Vin 
Vin (avg 


e 
= ——= = 1.11 (for sine wave) 
2/2 


If ALC action at very low input levels is not desired, the addition of 
resistor Ry will limit the maximum gain of the circuit. 


R, + Ry 


7 aia: 


Gain max 2k, 


The time constant of the circuit is determined by the rectifier 
capacitor, Cp_ecr, and an internal 10k resistor. 
t=10Kk Crect 


Response time can be made faster at the expense of distortion. Distor- 
tion can be approximated by the equation: 


_ (_1nF ted ito 
Crect freq. 


s 


VARIABLE SLOPE COMPRESSOR-EXPANDOR 
Compression and expansion ratios other than 2:1 can be achieved by 
the circuit shown in Figure 18. Rotation of the dual potentiometer 
causes the circuit hook-up to change from a basic compressor to a ba- 
sic expandor. In the center of rotation, the circuit is 1:1, has neither 
compression nor expansion. The (input) output transfer characteristic 
is thus continuously variable from 2:1 compression, through 1:1 up to 
1:2 expansion. If a fixed compression or expansion ratio is desired, 
proper selection of fixed resistors can be used instead of the potentiom- 
eter. The optional threshold resistor will make the compression or ex- 
pansion ratio deviate towards 1:1 atlow levels. A wide variety of (input) 
output characteristics can be created with this circuit, some of which 
are shown in Figure 18. 


HI-FI COMPANDOR 

The NE570 can be used to construct a high performance compandor 
suitable for use with music. This type of system can be used for noise 
reduction in tape recorders, transmission systems, bucket brigade 
delay lines, and digital audio systems. The circuits to be described con- 
tain features which improve performance, but are not required for all 
applications. 

A major problem with the simple NE570 compressor (Figure 2) is the 
limited op amp gain at high frequencies. 
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Figure 16. Voltage-Controlled Attenuator 
For weak input signals, the compressor circuit operates at nigh gain 
and the 570 op amp simply runs out of loop gain. Another problem with 1ok + 2( 2:826V) ] 6 
th ‘sits limi iy aera l RECT 
the 570 op amp is its limited slew rate of about 0.6V/us. This is a limita RECT 


tion of the expandor, since the expandor is more likely to produce large 
output signals than a compressor. 


Figure 20 is a circuit for a high fidelity compressor which uses an exter- 
nal op amp and has a high gain and wide bandwidth. An input com- 
pensation network is required for stability. 


Another feature of the circuit in Figure 20 is that the rectifier capacitor 
(Cg) is not grounded, but is tied to the output of an op amp circuit. This 
circuit, built around an LM324, speeds up the compressor attack time 
at low signal levels. The response times of the simple expandor and 
compressor (Figures 1 and 2) become longer at low signal levels. The 
time constant is not simply 10kxCrecr, but is really: 
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When the rectifier input level drops from OdBm to —30dBm, the time 
constant increases from 10.7kxCrRecT to 32.6kxCrecr. In systems 
where there is unity gain between the compressor and expandor, this 
will cause no overall error. Gain or loss between the 


compressor and expandor will be a mistracking of low signal dynamics. 
The circuit with the LM324 will greatly reduce this problem for systems 
which cannot guarantee the unity gain. 
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Figure 18. Variable Slope Compressor-Expandor 
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Figure 19. Typical Input-Output Tracking Curves of 
Variable Ratio Compressor-Expandor 











When a compressor is operating at high gain, (small input signal), and 
is suddenly hit with a signal, it will overload until it can reduce its gain. 
Overloaded, the output will attempt to swing rail to rail. This compressor 
is limited to approximately a 7Vp_p output swing by the brute force 
clamp diodes D3 and D4. The diodes cannot be placed in the feedback 
loop because their capacitance would limit high frequency gain. The 
purpose of limiting the output swing is to avoid overloading any 
succeeding circuit such as a tape recorder input. 





The time it takes for the compressor to recover from overload is deter- 
mined by the rectifier capacitor Cg. A smaller capacitor will allow faster 
response to transients, but will produce more low frequency third har- 
monic distortion due to gain modulation. A value of 1F seems to be 
a good compromise value and yields good subjective results. Of 
course, the expandor should have exactly the same value rectifier ca- 
pacitor for proper transient response. Systems which have good low 
frequency amplitude and phase response can use compandors with 
smaller rectifier capacitors, since the third harmonic distortion which is 
generated by the compressor will be undistorted by the expandor. 


Simple compandor systems are subject to a problem known as breath- 
ing. As the system is changing gain, the change in the background 
noise level can sometimes be heard. 


The compressor in Figure 20 contains a high frequency pre-emphasis 
circuit (Co, Rs and Cg, R14), which helps solve this problem. Matching 
de-emphasis on the expandoris required. More complex designs could 
make the pre-emphasis variable and further reduce breathing. 


The expandor to complement the compressor is shown in Figure 21. 
Here an external op amp is used for high slew rate. Both the compres- 
sor and expandor have unity gain levels of OdB. Trim networks are 
shown for distortion (THD) and DC shift. The distortion trim should be 
done first, with an input of OdB at 10kHz. The DC shift should be ad- 
justed for minimum envelope bounce with tone bursts. When applied 
to consumer tape recorders, the subjective performance of this system 
is excellent. 
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Figure 20. Hi-Fi Compressor With Pre-emphasis 
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Figure 21. Hi-Fi Expandor With De-emphasis 
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Compandors are versatile, low cost, dual-channel gain control 
devices for audio frequencies. They are used in tape decks, 

cordless telephones, and wireless microphones performing noise 3V 
reduction. Electronic organs, modems and mobile telephone 


7N 







SIGNAL AFTER 
AMPLIFYING X3 


equipment use compandors for signal level control. ca TOBE ABOVENOISE 
So what is companding? Why do it at all? What happens when we 1V 

do it? Compandor is the contraction of the two words compressor 

and expandor. There is one basic reason to compress a signal 

before sending it through a telephone line or recording it on a a 


cassette tape: to process that signal (music, speech, data) so that 
all parts of it are above the inherent noise floor of the transmission -2V 
medium and yet not running into the max. dynamic range limits, 





causing clipping and distortion. The diagrams below demonstrate ov 
the idea; they are not totally correct because in the real world of MAX DYNAMIC Nas / 
electronics the 3kHz tone is riding on the 1kHz tone. They are RANGE 6V PK-PK 


shown separated for better explanation. 


Figure 1 is the signal from the source. Figure 2 shows the noise 
always in the transmission medium. Figure 3 shows the max limits 
of the transmission medium and what happens when a signal larger 
than those limits is sent through it. Figure 4 is the result of 
compressing the signal (note that the larger signal would not be 
clipped when transmitted). 








The received/playback signal is processed (expanded) in exactly the 
same — only inverted — ratio as the input signal was compressed. 
The end result 








3V 






1kHz, 5V pk-pk 





2V 


1V Figure 4. Signal After Compression 








3kHZ, 1V pk—pk 











is a clean, undistorted signal with a high signal-to-noise ratio. 


This document has been designed to give the reader a basic 
working knowledge of the Signetics Compandor family. The 
analyses of three primary applications will be accompanied by 
“recipes” describing how to select external components (for both 
proper operation and function modification). Schematic and artwork 
for an application board are also provided. For comprehensive 
technical information consult the Compandor Product Guide or the 
Linear Data Manual. 


Figure 1. Original Signal Input 














Pea aaa The basic blocks in a compandor are the current-controlled variable 
gain cell (AG), voltage-to-current converter (rectifier), and 
operational amplifier. Each Signetics compandor package has two 
Figure 2. Wide-Band Noise Floor of Transmission Line identical, independent channels with the following block diagrams 











(notice that the 570/71 is different from the 572). 


The operational amplifier is the main signal path and output drive. 
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Figure 5. Basic Compressor 








The full-wave averaging rectifier measures the AC amplitude of a varying input signal into a fixed amplitude output signal without 
signal and develops a control current for the variable gain cell. clipping and distortion. 


The variable gain cell uses the rectifier control current to provide 
variable gain control for the operational amplifier gain block. 


- HOW TO DESIGN COMPANDOR CIRCUITS 


The compandor can function as a Compressor, Expandor, and The rest of the cookbook will provide you with basic compressor, 
Automatic Level Controller or as a complete compressor/expandor expandor, arid automatic level control application information. A 
system as described in the following: NE570/571 has been used in all of the circuits. If high-fidelity audio 
1) The COMPRESSOR function processes uncontrolled input or separately programmable attack and decay time are needed, the 
signals into controlled output signals. The purpose of this is to avoid NES72 with a low noise op amp should be used. 

distortion caused by a narrow dynamic range medium, such as The compressor (see Figure 5) utilizes all basic building blocks of 
telephone lines, RF and satellite transmissions, and magnetic tape. the compandor. In this configuration, the variable gain cell is placed 
The Compressor can also limit the level of a signal. in the feedback loop of the standard inverting amplifier circuit. The 


gain equation is Ay=—Rr/Riy. As shown above, the variable gain cell 


2) The EXPANDOR function allows a user to increase the dynamic 
acts as a variable feedback resistor (Re) (See Figure 5). 


range of an incoming compressed signal such as radio broadcasts. 
As the input signal increases above the crossover level of OdB, the 
variable resistor decreases in value. This causes the gain to 
decrease, thus limiting the output amplitude. 


3) The compressor/expandor system allows a user to retain dynamic 
range and reduce the effects of noise introduced by the transmission 
medium. 


4) The AUTOMATIC LEVEL CONTROL (ALC) function (like the Below the crossover level of OdB, an increase in input signal causes 
familiar automatic gain control) adjusts its gain proportionally with the variable resistor to increase in value, thereby causing the output 


the input amplitude. This ALC circuit therefore transforms a widely signal’s amplitude to increase. 
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In the compressor configuration, the rectifier is connected to the 
output. 


The complete equation for the compressor gain is: 


R, Ro Ip 2 
2 Rz Vin (avg) 


Ry = 10k 
Ro = 20k 
R3 = 20k 
Ip = 140A 


Gain comp. = 


where: 


Vin(avg)=0.9(VincRMs)) 


COMPRESSOR RECIPE 

1) DC bias the output half way between the supply and ground to 
get maximum headroom. The circuit in Figure 6 is designed around 
a system supply of 6V, thus the output DC level should be 3V. 


Vout pc=(1+(2Rpc/Ra)) VRer 


R4=30k 
VreF=1.8V 
Roc is external 


where: 


manipulating the equation, the result is. . . 


(22) -*) 


Note that the C(pc) should be large enough to totally short out any 
AC in this feedback loop. 


R, 
Ba 


Roc 


2) Analyze the OUTPUT signal’s anticipated amplitude. 


a) if larger than 2.8V peak, Ro needs to be increased. (see 
INGREDIENTS section) 


b) if larger than 3.0V peak, Rj will also need to be increased. 
By limiting the peak input currents we avoid signal distortion. 


3) The input and output coupling caps need to be large enough not 
to attenuate any desired frequencies (Xc=1/(6.28xf)). 

4) The Crect should be 1uF to 2uF for initial setup. This directly affects 
Attack and Release times. 

5) An input buffer may be necessary if the source’s output impedance 
needs matching. 

6) Pre-emphasis may be used to reduce noisepumping, breathing, 
etc., if present. See the NE570/571 data sheet for specific details. 

7) Distortion (THD) trim pins are available if the already low distortion 
needs to be further reduced. Refer to data sheet for trimming network. 
Note that if not used, the THD trim pins should have 200pF caps to 
ground. 


8) At very low input signal levels, the rectifier’s errors become signifi- 
cant and can be reduced with the Low Level Mistracking network. (This 
technique prevents infinite compression at low input levels.) 


The EXPANDOR utilizes all the basic building blocks of the 
compandor (see Figure 7). In this configuration the variable gain 
cell is placed in the inverting input lead of the operational amplifier 
and acts as a variable input resistance, Rij. The basic gain equation 
for operational amplifiers in the standard inverting feedback loop is 
Ay=—Re-/RIn. 


As the input amplitude increases above the crossover level of 
OdBM, this variable resistor decreases in value, causing the gain to 
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increase, thus forcing the output amplitude to increase (refer to 
Figure 10). 


Below the crossover level, an increase in input amplitude causes the 
variable resistor to increase in value, thus forcing the output 
amplitude to decrease. 


The complete equation for the expandor gain is: 


Gain expandor=(2R3V\n(avg))/RyRelp 


where: Ry = 10k 
Ro = 20k 
R3 = 20k 
Ip = 140nA 


Vin(avg)=0.9 (Vincrms)) 
In the expandor configuration the rectifier is connected to the input. 


EXPANDOR RECIPE 

1) DC bias the output halfway between the supply and ground to get 
maximum headroom. The circuitin Figure 8 is designed around a sys- 
tem supply of 6V so the output DC level should be 3V. 


Vout pc=(1+R3/R4)VREF 


where: R3 = 20k 
Ry = 30k 
Vref = 1.8V 


Note that when using a supply voltage higher than 6V the DC output 
level should be adjusted. To increase the DC output level, it is 
recommended that R4 be decreased by adding parallel resistance to 
it. (Changing Rg would also affect the expandor’s AC gain and thus 
cause a mismatch in a companding system.) 


2) Analyze the input signal's anticipated amplitude: 


a) if larger than 2.8V peak, Re needs to be increased. (see 
INGREDIENTS section) 


b) if larger than 3.0V peak, Rj will also need to be increased. (see 
INGREDIENTS) 


By limiting the peak input currents we avoid signal distortion. 


3) The input and output decoupling caps need to be large enough 
not to attenuate any desired frequencies. 


4) The Crect should be 1uF to 2uF for initial setup. 


5) An input buffer may be necessary if the source’s output 
impedance needs matching. 


6) De-emphasis would be necessary if the complementary 
compressor circuit had been pre-emphasized (as in a tape deck 
application). See the Hi-Fi Expandor application in the Linear Data 
Manual. 


7) Distortion (THD) trim pins are available if the already low 
distortion needs to be further reduced. See Linear Data Manual for 
trimming network. Note that if not used, the THD trim pins should 
have 200pF caps to ground. 


8) At very low input signal levels, the rectifier’s errors become 
significant and can be reduced with the Low Level Mistracking 
network (see Linear Data Manual). (This technique prevents infinite 
expansion at low input levels.) 
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In the ALC configuration, (Figure 9), the variable gain cell is placed 
in the feedback loop of the operational amplifier (as in the 
Compressor) and the rectifier is connected to the input. 


As the input amplitude increases above the crossover point, the 
overall system gain decreases proportionally, holding the output 
amplitude constant. 


As the input amplitude decreases below the crossover point, the 
overall system gain increases proportionally, hglding the output 
amplitude at the same constant level. 


The complete gain equation for the ALC is: 


Gai Rz Ro Ip 
ah = 

2 Rz Vin (avg) 

R, Ro Ip Vin 
Output Level | eee 
P 2 Ra, (5 (avg) 

where Nin =“ = 111 (for sine wave) 

Vin (avg) a2 


Note that for very low input levels, ALC may not be desired and to 
limit the maximum gain, resistor Ry has been added. The modified 
gain equation is: 


(R, + Ry) - 
2 R; 


Ro ° Ip 


Gain max. 


Rx = ((desired max gain)x26k)—10k 


INGREDIENTS 

[Application guidelines for internal and external components (and in- 
put/output constraints) needed to tailor (cook) each of the three entrees 
(applications) to your taste.] 


Ry; (10kQ) limits input current to the rectifier. This current should not 
exceed an AC peak value of +300uA. An external resistor may be 
placed in series with Ri if the input voltage to the rectifier will 
exceed +3.0V peak (i.e., 10kx300NA=3.0V). 


Re (20kQ) limits input current to the variable gain cell. This current 
should not exceed an AC peak value of +140uA. Again, an external 





RF 


- VINO VIN 
© VOUT 
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resistor has to be placed in series with Ro if the input voltage to the 
variable gain cell exceeds +2.8V (i.e., 20kx140yA). 


R3 (20kQ) acts in conjunction with Rq as the feedback resistor (Rr) 
(expandor configuration) in the equation. (R3’s value can be either 

reduced or increased externally.) However, it is recommended that 
Ry, be the one to change when adjusting the output DC level. 


R, (80kQ) acts as the input resistor (Rix) in the standard 
non-inverting op amp circuit. (Its value can only be reduced.) 


Vout pc=(1+(R3/R4))VREF 
(for the Expandor) 
Vout pc=(1+(2Rpc/Ra))V REF 
(for the Compandor, ALC) 


[The purpose of these DC biasing equations is to allow the designer 
to set the output halfway between the supply rails for largest 
headroom (usually some positive voltage and ground).] 
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Figure 6. Basic Compressor 
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Figure 9. Automatic Level Control 


Cpc acts as an AC shunt to ground to totally remove the DC biasing SYSTEM LEVELS OF A COMPLETE COMPANDING 











resistors from the AC gain equation. SYSTEM 

Cr caps are AC signal coupling caps. Figure 10 demonstrates the compressing and expanding functions: 
Crect acts as the rectifier’s filter cap and directly affects the Point A represents a wide dynamic range signal with a maximum 
response time of the circuit. There is a trade-off, though, between amplitude of +16dB and minimum amplitude of -80dB. 


fer aback: ane. decay limes angigistorior!: Point B represents the compressor output showing a 2:1 reduction 


The time constant is: 10kxCrRecr in dynamic range (—40dB is increased to —20dB, for example). Point 
B can also be seen as the dynamic range of a transmission medium. 


The total harmonic distortion (THD) is approximated by: Transmission noise is present at the -60dB level from Point B to 


THD = (1uF/Crecr)(1kHz/freq.)x0.2% Point C. 

NOTES: 

The NE572 differs from the 570/571 in that: Point C represents the input signal to the expandor. 
1. There is no internal op amp. 


2. The attack and release times are programmed separately. 
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Point D represents the output of the expandor. The signal Expansion and one channel of Compression (which can be switched 
transformation from Point C to D represents a 1:2 expansion. to Automatic Level Control). 


APPLICATION BOARD a 
Shown below is the schematic (Figure 11) for Signetics’ NE570/571 
evaluation/demo board. This board provides one channel of 
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DESCRIPTION PIN CONFIGURATION 

The NE572 is a dual-channel, high-performance gain control circuit D1, N, F Packages 
in which either channel may be used for dynamic range 
compression or expansion. Each channel has a full-wave rectifier to 




















; ; ; TRACK TRIM A V 

detect the average value of input signal, a linearized, Hee et . 
temperature-compensated variable gain cell (AG) and a dynamic RECOV. CAPA TRACK TRIM B 
time constant buffer. The buffer permits independent control of RECT. INA RECOV. CAPB 
dynamic attack and recovery time with minimum external ATIRCKR GAR RECT.INB 
components and improved low frequency gain control ripple one 
distortion over previous compandors. anne nee 

THD TRIM A pare 
The NE572 is intended for noise reduction in high-performance ACN A 
audio systems. It can also be used in a wide range of THD TRIM B 
communication systems and video recording applications. GND SGN 

NOTE: 
FEATURES 1. D package released in large SO (SOL) package only. 
® Independent control of attack and recovery time 
® Improved low frequency gain control ripple | 
APPLICATIONS 


® Complementary gain compression and expansion with external o . : : 
Snip P v9 P ‘ P ® Dynamic noise reduction system 


® Wide dynamic range—greater than 110dB ® Voltage control amplifier 


m . 
® Temperature-compensated gain control Stereo expandor 


; © i 
© Low distortion gain cell Automatic level control 


® Low noise—6nV typical ® High-level limiter 


® Wide supply voltage range—6V-22V 7 Oey HOO e gale 


e 
® System level adjustable with external components plate vatlable tilier 


ORDERING INFORMATION 


[~S~SCSC*é SCRIPTION __—_—~—~S~*~S*~r~CEPERATURE RANGE | ORDER CODE | OWGA 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
id 
mW 





















ae Operating temperature range 
0 to +70 


—40 to +85 


Php sti<isOY Power dissipation 500 
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BLOCK DIAGRAM 





(5,11) 





(1,15) 





BUFFER 














(8) (4,12) (2,14) 











DC ELECTRICAL CHARACTERISTICS 
Standard test conditions (unless otherwise noted) Vec=15V, Ta=25°C; Expandor mode (see Test Circuit). Input signals at unity gain level (OdB) 
= 100MVprms at 1kHz; V1 = Vo; Re = 3.3kQ; Rg = 17.3kQ. 


SYMBOL PARAMETER TEST CONDITIONS 


Supply vorags ee eae Ee 
Supply caren Ne sigra i 


THD Total harmonic distortion {kHz Ca=1.0uF 0.2 
0.05 
0.25 






















(untrimmed) 






Total harmonic distortion 
(trimmed) 


Total harmonic distortion 






THD 1kHz Ca=10uF 















nie (trimmed) | ; oe 
No signal output noise pene ey jie] 
DC level shift (untrimmed) Input change from no signal to 420 
100MVams 


Unity gain level COSC 7 [7 
Large—signal distortion V1=V2=400MV 


bod 
Tracking error (measured 
relative to value at unity Rectifier input 
gain)= Vo=+6dB V,=0dB 
[Vo-Vo (unity gain)]dB Vo=-30dB V;=0dB 
—VodB 


0.7 





Giaanbl oes 200MVprws into channel A, measured 
output on channel B 
ha supply rejection ra- 120Hz 
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TEST CIRCUIT 
1uF 1000 
WN ABV 
22uUF 
+ 
2.2uF 
(7,9) 
Vy O11 
5Q 
WN aT 
= 10uF —— 
BUFFER 
ale 
2.2uF 39k (3,13) 
V2 0 |—-vw 
Ro * gouF 











T MAN +15V 
i 


ener 














AUDIO SIGNAL PROCESSING IC COMBINES VCA 
AND FAST ATTACK/SLOW RECOVERY LEVEL 
SENSOR 


In high-performance audio gain control applications, it is desirable to 
independently control the attack and recovery time of the gain 
control signal. This is true, for example, in compandor applications 
for noise reduction. In high end systems the input signal is usually 
split into two or more frequency bands to optimize the dynamic 
behavior for each band. This reduces low frequency distortion due 
to control signal ripple, phase distortion, high frequency channel 
overload and noise modulation. Because of the expense in 
hardware, multiple band signal processing up to now was limited to 
professional audio applications. 


With the introduction of the Signetics NE572 this high-performance 
noise reduction concept becomes feasible for consumer hi fi 
applications. The NE572 is a dual channel gain control |C. Each 
channel has a linearized, temperature-compensated gain cell and an 
improved level sensor. In conjunction with an external low noise op 
amp for current-to-voltage conversion, the VCA features low 
distortion, low noise and wide dynamic range. 


The novel level sensor which provides gain control current for the 
VCA gives lower gain control ripple and independent control of fast 
attack, slow recovery dynamic response. An attack capacitor Ca 
with an internal 10k resistor Ra defines the attack time ta. The 
recovery time tp of a tone burst is defined by a recovery capacitor 
Cr and an internal 10k resistor Rr. Typical attack time of 4ms for 
the high-frequency spectrum and 40ms for the low frequency band 
can be obtained with 0.1uF and 1.0uF attack capacitors, 
respectively. Recovery time of 200ms can be obtained with a 4.7F 
recovery capacitor for a 100Hz signal, the third harmonic distortion 
is improved by more than 10dB over the simple RC ripple filter with 
a single 1.0uF attack and recovery capacitor, while the attack time 
remains the same. 
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The NE572 is assembled in a standard 16-pin dual in-line plastic 
package and in oversized SOL package. It operates over a wide 
supply range from 6V to 22V. Supply current is less than 6mA. The 
NE572 is designed for consumer application over a temperature 
range 0-70 The SA572 is intended for applications from —40°C to 
+85°C. 


NE572 BASIC APPLICATIONS 


Description 

The NE572 consists of two linearized, temperature-compensated 
gain cells (AG), each with a full-wave rectifier and a buffer amplifier 
as shown in the block diagram. The two channels share a 2.5V 
common bias reference derived from the power supply but 
otherwise operate independently. Because of inherent low distortion, 
low noise and the capability to linearize large signals, a wide 
dynamic range can be obtained. The buffer amplifiers are provided 
to permit control of attack time and recovery time independent of 
each other. Partitioned as shown in the block diagram, the IC allows 
flexibility in the design of system levels that optimize DC shift, ripple 
distortion, tracking accuracy and noise floor for a wide range of 
application requirements. 


Gain Cell 

Figure 1 shows the circuit configuration of the gain cell. Bases of the 
differential pairs Qy-Q2 and Q3-Q, are both tied to the output and 
inputs of OPA Aj. The negative feedback through Q, holds the Vee 
of Q;-Q> and the Vee of Q3-Q4 equal. The following relationship can 
be derived from the transistor model equation in the forward active 
region. 


AV = A 
BEqsa4 BEQiae2 


(Vee = Vt lin IC/S) 
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1 1 1 1 
ale tal ale -—aZl 
2-0) > 32-0 2G 20 
S S 
V 
where ly = “a 
4 
Ry = 6.8kQ 
ly = 140A ; 
lp = 280nA 
I, lin lo — |, lin 
qn ( | i Von ( Is (2) 
V 
where |, = oa 
1 
Ry = 6.8kQ 
ly = 140A 
lo = 280A 


lo is the differential output current of the gain cell and Ig is the gain 
control current of the gain cell. 


If all transistors Q,; through Q, are of the same size, equation (2) 
can be simplified to: 


lo = ln * I - lk —21,) + Ig (3) 


The first term of Equation 3 shows the multiplier relationship of a 
linearized two quadrant transconductance amplifier. The second 
term is the gain control feedthrough due to the mismatch of devices. 
In the design, this has been minimized by large matched devices 





THD 
=a TRIM 








October 7, 1987 





VREF 


Figure 1. Basic Gain Cell Schematic 


and careful layout. Offset voltage is caused by the device mismatch 
and it leads to even harmonic distortion. The offset voltage can be 
trimmed out by feeding a current source within +25yA into the THD 
trim pin. 


The residual distortion is third harmonic distortion and is caused by 
gain control ripple. In a compandor system, available control of fast 
attack and slow recovery improve ripple distortion significantly. At 
the unity gain level of 100mV, the gain cell gives THD (total 
harmonic distortion) of 0.17% typ. Output noise with no input signals 
is only 6yV in the audio spectrum (10Hz2-20kHz). The output current 
Ilo must feed the virtual ground input of an operational amplifier with 
a resistor from output to inverting input. The non-inverting input of 
the operational amplifier has to be biased at Vref if the output 
current Io is DC coupled. 


Rectifier 

The rectifier is a full-wave design as shown in Figure 2. The input 
voltage is converted to current through the input resistor Re and 
turns on either Qs or Qg depending on the signal polarity. Deadband 
of the voltage to current converter is reduced by the loop gain of the 
gain block Ao. If AC coupling is used, the rectifier error comes only 
from input bias current of gain block Az. The input bias current is 
typically about 70nA. Frequency response of the gain block Ao also 
causes second-order error at high frequency. The collector current 
of Qg is mirrored and summed at the collector of Qs to form the full 
wave rectified output current Ip. The rectifier transfer function is 


Vigo ¥ 
ine IN 7 REF (4) 


If Vinx, is AC-coupled, then the equation will be reduced to: 


Vin(AVG) 
RAC ~ R, 


ed 











la 
a 280nA CT) | 





VIN 
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The internal bias scheme limits the maximum output current Ip to be 
around 300pA. Within a +1aB error band the input range of the rectifier 
is about 52cB. 








VREF’ 




















Product specification 


NE/SA572 


Buffer Amplifier 

In audio systems, it is desirable to have fast attack time and slow 
recovery time for a tone burst input. The fast attack time reduces 
transient channel overload but also causes low-frequency ripple 
distortion. The low-frequency ripple distortion can be improved with 
the slow recovery time. If different attack times are implemented in 
corresponding frequency spectrums in a split band audio system, 
high quality performance can be achieved. The buffer amplifier is 
designed to make this feature available with minimum external 
components. Referring to Figure 3, the rectifier output current is 
mirrored into the input and output of the unipolar buffer amplifier Ag 
through Qg, Qg and Qi. Diodes Dy and Dy2 improve tracking 
accuracy and provide common-mode bias for A3. For a 
positive-going input signal, the buffer amplifier acts like a 
voltage-follower. Therefore, the output impedance of Ag makes the 
contribution of capacitor CR to attack time insignificant. Neglecting 
diode impedance, the gain Ga(t) for AG can be expressed as 
follows: 


pass 


Gaynt=!nitial Gain 
Garn_=Final Gain 
ta=Ra © CA=10k ¢ CA 



































10k< | IR4 
V 
Dit 
p12 





i|_ —— # —-o— 


Figure 3. Buffer Amplifier Schematic 


X2 
am Q16 
10k 


( 





©) 
TRACKING 
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X2 
Q14 Q18 





CR —— 
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where Ta is the attack time constant and Ra is a 10k internal 
resistor. Diode D;5 opens the feedback loop of Ag fora 
negative-going signal if the value of capacitor CR is larger than 
capacitor CA. The recovery time depends only on CR e Rr. If the 
diode impedance is assumed negligible, the dynamic gain Grp (t) for 
AG is expressed as follows. 

-t 


Galt) = (Gant — Grene CR + Grent 


Gr(t)=(Gr int—Gr Ent) € +Gp FNL 
tR=Rp « CR=10k «CR 


where TR is the recovery time constant and Rr is a 10k internal 
resistor. The gain control current is mirrored to the gain cell through 
Q;4. The low level gain errors due to input bias current of Az and Ag 
can be trimmed through the tracking trim pin into Ag with a current 
source of +3uA. 


Basic Expandor 
Figure 4 shows an application of the circuit as a simple expandor. 
The gain expression of the system is given by 


Vout xe, R3 ° Viniave) (5) 
Vin I, Ro Ry 
(I14=140pA) 


Both the resistors R; and Ro are tied to internal summing nodes. R; 
is a 6.8k internal resistor. The maximum input current into the gain 
cell can be as large as 140uA. This corresponds to a voltage level of 
140A ¢ 6.8k=952mV peak. The input peak current into the rectifier 
is limited to 300uA by the internal bias system. Note that the value 
of R; can be increased to accommodate higher input level. Ro and 
R3 are external resistors. It is easy to adjust the ratio of R3/Re for 
desirable system voltage and current levels. A small Ro results in 
higher gain control current and smaller static and dynamic tracking 
error. However, an impedance buffer A; may be necessary if the 
input is voltage drive with large source impedance. 


The gain cell output current feeds the summing node of the external 
OPA Ao. R3 and Ao convert the gain cell output current to the output 
voltage. In high-performance applications, Az has to be low-noise, 
high-speed and wide band so that the high-performance output of 
the gain cell will not be degraded. The non-inverting input of As can 
be biased at the low noise internal reference Pin 6 or 10. Resistor 
Rg is used to bias up the output DC level of Az for maximum swing. 
The output DC level of Aa is given by 


Ry 


— Vp A, (6) 


R3 
Vopce = Vrerl 1 + R, 


Vp can be tied to a regulated power supply for a dual supply system 
and be grounded for a single supply system. CA sets the attack time 
constant and CR sets the recovery time constant. *5COL 


Basic Compressor 
Figure 5 shows the hook-up of the circuit as a compressor. The IC is 
put in the feedback loop of the OPA A,. The system gain expression 


is as follows: 
Vout _ fir, Pos Ry F 
Vin 2 R3 ° VIN(AVG) 


Rpc1, Rpce, and CDC form a DC feedback for A;. The output DC 
level of A; is given by 


(7) 


Rocr_ + Roce (8) 
Ry 


Roc1 + Roce 
wv. (Pa Pa 


_s 


The zener diodes D; and Da are used for channel overload 
protection. 


Vopc = Voce 7 

















R3 
VN 
17.3k 











© Vout 





+VCC 


Figure 4. Basic Expandor Schematic 
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Basic Compandor System 


The above basic compressor and expandor can be applied to 
systems such as tape/disc noise reduction, digital audio, bucket 
brigade delay lines. Additional system design techniques such as 
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bandlimiting, band splitting, pre-emphasis, de-emphasis and 
equalization are easy to incorporate. The IC is a versatile functional 
block to achieve a high performance audio system. Figure 6 shows 
the system level diagram for reference. 











VIN O- 














R4 RDC1 RDC2 
We vr Wn 
9.1k 9.1k 
cpc 
_| 10uF 
C2. AF cam 
So a: 
| 
CIN1 
Diag 
2OuF caotee Ow aut 








1k = R5 
(6,10) Voce 
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(7,9) 
| ? 
CIN2 
2.2F 
—- CIN3 
2.2UF 
3.3k 
R2 
WWW 
(3,13) 





Figure 5. Basic Compressor Schematic 
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| |? a | 
RELLEVEL ABS LEVEL 


VRMS COMPRESSION EXPANDOR dB dBM 
-——————— IN OUT 


INPUT TO AG 
—) 3.0V AND RECT 


| 547.6MV ! 
i i. nn an 


—— 100MV eo ———— 0.0— #£«-~17.78 


Ee ee ee 





+12.0 —_| 5.78 








-20 | ~37.78 





1MV -40—  _-57.78 
100,V | -60 -77.78 
10LV ~80 ~97.78 


Figure 6. NE572 System Level 
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NE572 AUTOMATIC LEVEL CONTROL 





NOTE: 


Application note 


AN175 























VIN 





Roc + Roce 


a ea V 
OUTPUT LEVEL = (Fae) ae 
2R, Vincavg) 


R, Ro | 
Gain = ee 
2R, Vin (avg) 


ATTACK TIME = (10k) Ca 
RECOVERY TIME = (10k) Cr 


TO LIMIT THE GAIN AT VERY LOW INPUT LEVELS, ADD Rx: 


R, + Ry 
2.5V 
2R3 


x R, x lp 
GAIN MAX. = 


Pin numbers are for side A of the NE572. 


September 1991 








RECOVERY 
CAP 





—+——| } ——0 Vout 





2.2uF 


WHERE: Ry, = 100k 
Roci = Roce = 9.1k 
Vref = 2.5V 


WHERE: R, = 6.8k (Inter- 
nal) 


Ro = 3.3k 

R3 = 17.3k 

Ig = 140A 
ell eee 
Vin(avg) 2/2 


(FOR SINE WAVES) 
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DESCRIPTION PIN CONFIGURATION 

The NE/SAS575 is a precision dual gain control circuit designed for 1. 

low voltage applications. Tne NE/SA575’s channel 1 is an Nt) Dane Ds Packages 
expandor, while channel 2 can be configured either for expandor, 
compressor, or automatic level controller (ALC) application. 








FEATURES 


® Operating voltage range from 3V to 7V 


® Reference voltage of 
100mVams = 0dB 


® One dedicated summing op amp per channel and two extra 
uncommitted op amps 


® 6000 drive capability GAIN CELL IN1 | 9 





® Single or split supply operation GAIN CELL IN2 


NOTE: 


© Wide input/output swing capability | 1. Available in large SOL package only. 


* 3000V ESD protection ® Portable broadcast mixers 


® Wireless microphones 


APPLICATIONS 


ee ® Modems 
® Portable communications 


, ® Electric organs 
® Cellular radio g 


" ate 
® Cordless telephone Hearing aids 


® Consumer audio 


ORDERING INFORMATION 


[escriprion SS «TEMPERATURERANGE [ORDER CODE [WG 
20-Pin Plastic Small Outline Large | 
20-Pin Plastic Shrink Small Outline Package (SSOP) 
20-Pin Plastic Dual In-Line Package (DIP) 

20-Pin Plastic Small Outline Large +40 10 +85°C | SAS7EBD— [01720 

20-Pin Plastic Shrink Small Outline Package -40 to +85°C 



































(SSOP) 





ABSOLUTE MAXIMUM RATINGS 


RATING 
SYMBOL PARAMETER 7 
. NE575 SA575 
Single supply voltage | ~0.3 to 8 —0.3 to 8 
Voltage applied to any other pin | —0.3 to (Vec+0.3) -—0.3 to (Vec+0.3) 


Operating ambient temperature range -40 to +85 -40 to +85 


Thermal impedance DIP 2 
SOL aa ee eee eee 
ssoP 


Storage temperature range -65 to +150 -65 to +150 a) 


V 
V 
°C 
°C 
°C/W 
°C/W 

C/W 
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BLOCK DIAGRAM and TEST CIRCUIT 
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DC ELECTRICAL CHARACTERISTICS _ 
Typical values are at Ta = 25°C. Minimum and Maximum values are for the full operating temperature range: 0 to 70°C for NE575, -40 to 


+85°C for SA575, except SSOP package is tested at +25°C only. Vcc = 5V, unless otherwise stated. Both channels are tested in the 
Expandor mode (see Test Circuit) 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS NE575 SA575 UNITS 
| _ MIN, [| TYP | MAX | MIN | TYP | MAX 


For compandor, including summing amplifier 

[Vos [Supplywitage’ | SCCTCCOCdr’SCO dT dT 7] 8 | UT OV 
[R.__[Summingampoutputioas [SST tO] SSC] SCT tT ST SCO 
[THD [Totalharmonic distortion | ikha ooBew=ssnz | | oi | 10 | | of@ | 15 | % | 
[Eno _[Outputvortagencise ——*|-BW=20KHz,Ag-02 | | 6 | 2 | | 6 | © | wW_ 





Unity gain eve 
Output voltage offset 
Output DC shift No signal to 0dB 

0.5 


Poe! 

| Gain cell input = OdB, 
1kHz 
Rectifier input = 6dB, 
1kHz 
Gain cell input = OdB, 

Tracking error relative to OdB ae ee 

Rectifier input = -30dB, 
1kHz 





June 28, 1993 1362 


Philips Semiconductors RF Communications Products Product specification 





Low voltage compandor NE/SA575 








LIMITS - 


DC ELECTRICAL CHARACTERISTICS (cont.) 
UNITS 


SYMBOL PARAMETER 
min [typ [max [| MIN | typ | MAX | 


___[eresstk = GB Caer = oF [| oP ee TC COs 





TEST CONDITIONS 





For operational amplifier 


a 


Ouiputload a 
cM Input common-mode range 


CMRR | Common-mode rejection ratio Meee 60 
| ip Input bias current Vin = 0.5V to 4.5V 
| Vos __ | Input offset voltage 


Open-loop gain R.=10kQ es a ee 

chy gain 

Teaw —[Bandwaats [ony ger a 
es [retoinge ese [a= yee ees 
Power supply rejection ratio 1kHz, 250mV [60 | ee ee ee 


NOTES: 
1. Operation down to Voc = 2V is possible, but performance is reduced. See curves in Figure 5a and 5b. 
2. Reference voltage, Vrer, is typically at 1/2Vcoc. 


FUNCTIONAL DESCRIPTION 

This section describes the basic subsystems and applications of the 
NE/SA575 Compandor. More theory of operation on compandors 
can be.found in AN174 and AN176. The typical applications of the 
NE/SA575 low voltage compandor in an Expandor (1:2), 
Compressor (2:1) and Automatic Level Control (ALC) function are 
explained. These three circuit configurations are shown in Figures 
1, 2, 3 respectively. 


better filtered the power supply, the smaller this capacitor can be. 
R12 provides DC reference voltage to the amplifier of channel B. 
R6 and R7 provide a DC feedback path for the summing amp of 
channel B, while C7 is a short-circuit to ground for signals. C14 and 
C15 are for power supply decoupling. C14 can also be eliminated if 
the power supply is well regulated with very low noise and ripple. 


DEMONSTRATED PERFORMANCE 

The applications demo board was.built and tested for a frequency 
range of 20Hz to 20kHz With the component values as shown in 
Figure 4 and Vcc = 5V. In the expandor mode, the typical input 
dynamic range was from -34dB to +12dB where OdB is equal to 
100MVams. The typical unity gain level measured at OdB @ 1kHz 
input was +0.5dB and the typical! tracking error was +0.1dB for input 
range of -30 to +10dB. 

In the compressor mode, the typical input dynamic range was from 
-42dB to +18dB with a tracking error +0.1dB and the typical unity 
gain level was +0.5dB. 

In the ALC mode, the typical input dynamic range was from -42dB to 
+8dB with typical output deviation of +0.2dB about the nominal 
output of OdB. For input greater than +9dB in ALC configuration, the 
summing amplifier sometimes exhibits high frequency oscillations. 
There are several solutions to this proolem. The first is to lower the 
values of R6 and R7 to 20kQ each. The second is to add a current 
limiting resistor in series with C12 at Pin 13. The third is to adda 
compensating capacitor of about 22 to 30pF between the input and 
output of summing amplifier (Pins 12 and 14). With any one of the 
above recommendations, the typical ALC mode input range 
increased to +18dB yielding a dynamic range of over 60dB. 


The NE/SA575 has two channels for a complete companding 
system. The left channel, A, can be configured as a 1:2 Expandor 
while the right channel, B, can be configured as either a 2:1 
Compressor, a 1:2 Expandor or an ALC. Each channel consists of 
the basic companding building blocks of rectifier cell, variable gain 
cell, summing amplifier and Vrer cell. In addition, the NE/SA575 
has two additional high performance uncommitted op amps which 
can be utilized for application such as filtering, 
pre-emphasis/de-emphasis or buffering. 


Figure 4 shows the complete schematic for the applications deme 
board. Channel A is configured as an expandor while channel B is 
configured so that it can be used either as a compressor or as an 
ALC circuit. The switch, S1, toggles the circuit between compressor 
and ALC mode. Jumpers J1 and J2 can be used to either include 
the additional op amps for signal conditioning or exclude them from 
the signal path. Bread boarding space is provided for R1, R2, C1, 
C2, R10, R11, C10 and C11 so that the response can be tailored for 
each individual need. The components as specified are suitable for 
the complete audio spectrum from 20Hz to 20kHz. 


The most common configuration is as a unity gain non-inverting 


buffer where R1, C1, C2, R10, C10 and C11 are eliminated and R2 
and R11 are shorted. Capacitors C3, C5, C8, and C12 are for DC 
blocking. In systems where the inputs and outputs are AC coupled, 
these capacitors and resistors can be eliminated. Capacitors C4 
and C9 are for setting the attack and release time constant. 


C6 is for decoupling and stabilizing the voltage reference circuit. 
The value of C6 should be such that it will offer a very low 
impedance to the lowest frequencies of interest. Too small a 
capacitor will allow supply ripple to modulate the audio path. The 
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EXPANDOR 

The typical expandor configuration is shown in Figure 1. The 
variable gain cell and the rectifier.cell are in the signal input path. 
The Vrer is always 1/2 Voc to provide the maximum headroom 
without clipping. The OdB ref is 100mMVays. The input is AC 
coupled through C5, and the output is AC coupled through C3. If in 
a system the inputs and outputs are AC coupled, then C3 and C5 
can be eliminated, thus requiring only one external component, C4. 
The variable gain cell and rectifier cell are DC coupled so any offset 
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voltage between Pins 4 and 9 will cause small offset error current in Equation 3. 
the rectifier cell. This will affect the accuracy of the gain cell. This 

can be improved by using an extra capacitor from the input to Pin 4 Fa x 100u o Ve 

and eliminating the DC connection between Pins 4 and 9. Compressor gain=|_ 

The expandor gain expression and the attack and release time 4Vin(avg) 


constant is given by Equation 1 and Equation 2, respectively. where Vix(avg) = 0.95Vincams) 


Equation 1. 
Equation 4. 
: 4Vin(avg) : a 4 
pared bat R=Ta = 10k X Cpect = 10k x C4 
Expandor gain 3.8k x 100nA 
AUTOMATIC LEVEL CONTROL 
where Vin(avg) = 0.95VincRMs) The typical Automatic Level Control circuit configuration is shown in 
Figure 3. It can be seen that it is quite similar to the compressor 
Equation 2. 


schematic except that the input to the rectifier cell is from the input 
path and not from the feedback path. The input is AC coupled 
through C12 and C13 and the output is AC coupled through C8. 


TR=TA= 10k x Crect = 10k x C4 


COMPRESSOR Once again, as in the previous cases, if the system input and output 
The typical compressor configuration is shown in Figure 2. In this signals are already AC coupled, then C12, C13 and C8 could be 
mode, the rectifier cell and variable gain cell are in the feedback eliminated. Concerning the compressor, removing R6, R7 and C7 
path. R6 and R7 provide the DC feedback to the summing amplifier. will cause motor-boating in absence of signals. Ccomp is necessary 
The input is AC coupled through C12 and output is AC coupled to stabilize the summing amplifier at higher input levels. This circuit 
through C8. In a system with inputs and outputs AC coupled, C8 provides an input dynamic range greater than 60cB with the output 
and C12 could be eliminated and only R6, R7, C7, and C13 would within +0.5dB typical. The necessary design expressions are given 
be required. If the external components R6, R7 and C7 are by Equation 5 and Equation 6, respectively. 

eliminated, then the output of the summing amplifier will motor-boat Equation 5. 

in absence of signals or at extremely low signals. This is because 

there is no DC feedback path from the output to input. In the ALC gain = 3.8k x 1O0HA 

presence of an AC signal this phenomenon is not observed and the 4Vin(avg) . 

circuit will appear to function properly. Equation 6. 

The compressor gain expression and the attack and release time TR = ta = 10k X Caect = 10k x C9 


constant is given by Equation 3 and Equation 4, respectively. 
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Figure 1. Typical Expandor Configuration 
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Figure 3. Typical ALC Configuration 
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Figure 4. NE/SA575 Low Voltage Expandor/Compressor/ALC Demo Board 
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UNITY GAIN ERROR (dB) 








—50 -25 0 25 50 75 100 
TEMPERATURE (°C) 


a. Unity Gain Error vs Temperature and Vcc 





-50 ~25 0 25 50 75 100 
TEMPERATURE (°C) 


b. Icc vs Temperature and Vcc 


Figure 5. Temperature and Vcc Curves 
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Figure 6. Compressor Output Frequency Response 
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TYPICAL PERFORMANCE CHARACTERISTICS (continued) 
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Figure 7. Expandor Output Frequency Response 
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Figure 8. The Companding Function 
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DESCRIPTION PIN CONFIGURATION 
The NE/SA576 is a unity gain level programmable compandor 
designed for low power applications. The NE576 is internally 
configured as an expandor and a compressor to minimize external 


D and N Packages 


component count. Vec - 
The NE576 can operate at 1.8V. During normal operations, the COMPCAP2 
NE576 can operate from at least a 2V battery. If the battery voltage COMP)N 





drops to 1.8V, this part will still continue to fun¢tion, however, turning 
on the part at a Voc of 1.8V requires two external resistors to bring 
Vre_er to half Vcc. One resistor connects between Voc and Vprer; 
the other connects from Vre_r to ground. A typical value for these 
external resistors is approximately 20k. A lower value can be used, 
but the power consumption will go up. 


COMPCAP1 





The NE576 is available in a 14-pin plastic DIP and SO packages. 


FEATURES 
® Operating voltage range: 1.8V to 7V APPLICATIONS 
® Low power consumption @ Cordless telephone 


(1.4mA @ 3.6V) ® Consumer audio 


® Over 80cB of dynamic range @ Wirsleseimictoohones 


@ Wide input/output swing capability 


; ® Modems 
(rail-to-rail) 


® Electric organs 
@ Low external component count g 


® ESD hardened ® Hearing aids 


® Automatic level control 


ORDERING INFORMATION 


14-Pin Plastic Dual In-Line Package (DIP) 0405B 
14-Pin Plastic Small Outline (SO) 0175D 













ABSOLUTE MAXIMUM RATINGS 


RATING 
PARAMETER UNITS 


Le Soe (ee, lees (ee 


0 to +70 —40 to +85 
Storage temperature range —65 to +150 -65 to +150 °C 


9 Thermal impedance DIP 90 90 
an SO 125 125 
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BLOCK DIAGRAM and TEST AND APPLICATION CIRCUIT 
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*R1, R2 and R3 are 1% resistors. 


ELECTRICAL CHARACTERISTICS 
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Ta = 25°C, Voc = 3.6VDC, compandor 0dB level = —20dBV = 100MVaws, output load R, = 10kQ, Freq = 1kHz, unless otherwise specified. 


R1, R2 and R3 are 1% resistors. 


SYMBOL PARAMETER 


Vec Supply voltage! 
lec 


TEST CONDITIONS 


LIMITS 


No signal 
Supply current Ro = 100kQ 


Reference voltage Voc = 3.6V 


Summing amp outputToad Sees! 


Unity gain level OdB at 1kHz 
Output voltage offset 


Tracking error relative to OdB output -20dB expandor 
Crosstalk, COMP to EXP 1kHz, OdB, Cpe = 10uF 
Output swing low aeeeeensa ee 


Eno 

[ [Expander output shit | _Nosignaltooas___| Too | 7 | 100 [| mw 
je , | 

4 


Output swing high 


NOTE: 


| 
Total harmonic distortion 1kHz, 0dB, BW = 3.5kHz 
Expandor output noise voltage BW = 20kHz, Rs = 0Q 


1. Operation down to Vcc = 1.8V is possible, see description on front page of NE576 data sheet. 


2. Reference voltage, Vreg is typically at 1/2 Vcc. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
Voc = 3.6V, Ta = 25°C, RI=R3=7.15kQ, R2=100kQ, OdB level = 100mV, Freq. = 1kHz 





SUPPLY CURRENT vs SUPPLY VOLTAGE SUPPLY CURRENT vs TEMPERATURE 
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NOTE: UNITY GAIN ERROR MAY BE 
SET TO 0 AT ANY Vcc BY 
ADJUSTING THE VALUE OF R1, R3 
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DESCRIPTION | PIN CONFIGURATION 
The NE/SA577 is a unity gain level programmable compandor 
designed for low power applications. The NE577 is internally 
configured as an expandor and a compressor to minimize external 
component count. 









D and N Packages 


Voc 


The NE577 is available in a 14-pin plastic DIP and SO packages. 113] COMPcap2 


FEATURES 
® Operating voltage range: 1.8V to 7V 


@ Low power consumption 
(1.4mA @ 3.6V) 


© OcB level programmable 
(10MVpms to 1.0Vams) 





®@ Over 90dB of dynamic range 


® Wide input/output swing capability APPLICATIONS 
(rail-to-rail) 

® High performance portable communications 

® Low external component count 

. ® Cellular radio 

®@ SA577 meets cellular radio specifications ‘ 
® Cordless telephone 

® ESD hardened | 
® Consumer audio 
®@ Wireless microphones 
® Modems 
® Electric organs 
® Hearing aids 
® Automatic level control (ALC) 


” 


ORDERING INFORMATION 


14-Pin Plastic Small Outline (SO) 7 ~40 to +85°C SA577D | 0175D 













ORDER CODE | DWG# | 


ABSOLUTE MAXIMUM RATINGS 


[Wes [Swppivotage 
9 





9 Thermal impedance DIP 90 
oe SO | 125 125 
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ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Voc = 3.6VDC, compandor OdB level = -20dBV = 100MVams, output load R, = 10kQ, Freq = 1kHz, unless otherwise specified. 
R1, R2 and R3 are 1% resistors. 
LIMITS 
SYMBOL PARAMETER TEST CONDITIONS NE/SA577 : 


TYP 


2 


Supply voltage! a rs 
; No signal 
[lee Supply current Re = 100kQ 


loc = 
Reference voltage _ Voc = 3.6V 

R, | Summing amp output load _ | | 
Total harmonic distortion 1kHz, OdB, BW = 3.5kHz 

ENo is 

0dB i 

Vos | 

Vo 


— 


—_f — 

Orn 
— | w 
ol BR IT oO 


0.25 


— 
© 


Expandor output noise voltage |  ~BW= 20KHz, Rg = 02 
Unity gain level OdB at 1kHz —1.5 0.18 


Programmable range? R1 = R3 = 18.7kO, R2 = 24.3kQ 
R1 = R3 = 22.6kQ, R2 = 100kQ 
RI = R3 = 7.15kQ, R2 = 100kQ 
R1 = R3 = 1.33kQ, R2 = 200kQ 





Output voltage offset 


| Al mb] b 
Oo}; Oo] © 


Expandor output DC shift | No signal to 0dB -100 
Tracking error relative to OdB output -20dB expandor —1.0 


t 
— 
Oo 


Crosstalk, COMP to EXP | 1kHz, OdB, Cree = 10uF | 
Output swing low ! | | 
Output swing high 


NOTE: “~ 

1. Operation down to Vcc = 1.8V is possible, see application note AN1762. 

2. Reference voltage, Vreg is typically at 1/2 Voc. 

3. Unity gain level can be adjusted CONTINUOUSLY between —40dBV = 10mMVpams and OdBV = 1.0Vanms. For details see application note 
AN176€2. 


© 
NO 
i 
[e)) 
on 
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BLOCK DIAGRAM and TEST AND APPLICATION CIRCUIT 
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*R1, R2 and R3 are 1% resistors. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
Voc = 3.6V, Ta = 25°C, R1=R3=7.15kQ, R2=100kQ, OdB level = 100mvV, Freq. = 1kHz 








SUPPLY CURRENT vs SUPPLY VOLTAGE SUPPLY CURRENT vs TEMPERATURE 
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DESCRIPTION PIN CONFIGURATION 
The NE/SA578 is a unity gain level programmable compandor 
designed for low power applications. The NE578 is internally 
configured as an expandor and a compressor to minimize external 
component count. 


The summing amplifiers of the NE578 have 600Q drive capability 15] COMPCap2 
and the inverting input of the compressor amplifier is accessible 
through Pin 9 for summing multiple external signals. Power 
Down/Mute function is active low and requires an open collector 
output logic configuration at Pin 8. If Power Down/Mute is not 
needed, Pin 8 should be left open. When the part is muted, supply 
current drops to 170mA at 3.6V. The NE578 is available in a 16-pin 
plastic DIP and SO packages. 


FEATURES 
® Operating voltage range: 1.8V to 7V 


D and N Packages 





@ Low power consumption (1.4mA @ 3.6V) 


© OdB level programmable APPLICATIONS 

(10MVpms to 1.0VRms) ® High performance portable communications 
® Over 90dB of dynamic range ® Cellular radio 
® Wide input/output swing capability — ® Cordless telephone 


® Low external component count © Consumer audio 


@ SA578 meets cellular radio specifications ® Wireless microphones 
®@ ESD hardened ® Modems 


® Power Down mode (Icc = 170A @ 3.6V) ® Electric organs 


® Mute function @ Hearing aids 


® Multiple external summing capability ®@ Automatic level control (ALC) 


® 6002 drive capability | 


ORDERING INFORMATION 


[DESCRIPTION] TEMPERATURE RANGE | ORDER CODE | DWGF 
[sein Plastic Dualin-uine Package (OI) ——~SCSCSCS~S~rC*<CS HO WPT——~dCC TaN | oH 













ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER _ lilies UNITS 
| NE578 SA578 


[Ves [Suppiyvotags SSCS SS Cd CTTCd 
°C/W 


9 Thermal impedance DIP 90 90 
| a SO 125 125 
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*R1, R2 and R3 are 1% resistors. 
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ELECTRICAL CHARACTERISTICS | 
Ta = 25°C, Voc = 3.6VDC, compandor 0dB level = —-20dBV = 100mMVameg, output load Rp = 10kQ, Freq = 1kHz, unless otherwise specified. 


R1, R2 and R3 are 1% resistors. 

SYMBOL PARAMETER UNITS 
war Moco ee 
[vec [Smoot CSC 8 


Supply current operating | m 1.4 2 mA 
power down No signal, Ro = 100kQ 470 LA 
Summingampminimumoutputioad [| SCY OTST «CC 


<a 
= 
V 
V 











TEST CONDITIONS 






{ 
2 
1 


Programmable range? | R1=R3= 18.7kQ, R2 = 24.3kQ CG 





R1 = R38 = 7.15kQ, R2=100kQ |~ 





Ri = R3 = 22.6kQ, R2 = 100kQ ; ~10 


0 
R1 = R3 = 1.33kQ, R2 = 200kQ 0 


| ENO 
Z a 
Vos Output voltage offset No signal —150 
aa a ee 
feed 
[ara 
fe 
a 





0 
0 
0 
150 
100 
1.0 
5 
4 


[Gessak COMPOEXE | —TANROWB. Crees 
[Oupmewroow Pd 
Powerdowmatetowteet fd 

NOTE: 


1. Operation down to Vcc = 1.8V is possible. 

2. Reference voltage, Vrer is typically at 1/2 Voc. 

3. Unity gain level can be adjusted CONTINUOUSLY between —40dBV = 10mMVpwys and OdBV = 1.0V_ams. For details see application note 
AN1762. 


2 
1 
7 


a4 
0 

—6 
0 


0 
3 
2 


Unity gain level | OdB at 1kHz =1:0 0.18 
2a 


0 


Expandor output noise voltage BW = 20kHz, Reg = 02 = 1 
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TYPICAL PERFORMANCE CHARACTERISTICS 
Voc = 3.6V, Ta = 25°C, R1=R3=7.15kQ, R2=100kQ, OdB level = 100mV, Freq. = 1kHz 
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Author: Alvin K. Wong 
INTRODUCTION 


This application note is written for the designer who understands the 
basic functions of companding and wants to use the NE577 or 
NE578. If adesigner is not familiar with the functionality of 
compandors, a good discussion can be found in the earlier Philips 
Semiconductors compandor data sheets and applications notes. 


Key topics discussed in this paper are: 

e How to program the unity gain level (OdB) 

e How to implement an automatic level contro! 

e How to get the best companding performance under strict 
design requirements 

e How to set the attack and recovery time 

e How to operate at 1.8V 

e How to sum external signals using the NE578 

e How to power-down the NE578 

e How to mute the NE578 

e How to use the NE577 and NE578 as a dual expandor 


But before reviewing these areas, a summary of Philips 
Components- Signetics compandor family will be presented. A 
system designer can then determine which compandor is best for 
the design. 


SUMMARY OF COMPANDOR FAMILY 

In the past, Philips Semiconductors offered four different types of 
compandors: the NE570, NE571, NE572, and NE575. Each of the 
four compandors has its own ‘claim to fame’. The NE570 and 
NE571 are known to work well in high performance audio 
applications. The only real difference between the two is that the 
NE570 has a slight edge in performance. However when separate 
attack and recovery times are needed, the NE572 is the compandor 
to choose. The NE575 becomes useful when there are low voltage 
requirements. 


With the increasing demand for low current consumption, good 
flexibility, and ease of use in semiconductors, Philips 
Semiconductors is offering three additional compandors to its family, 
the NE576, NE577 and NE578. These compandors typically require 
an Ico of 1.4mA at a Voc of 3.6V, but Philips Semiconductors has 
demonstrated that these new chips are functional down to 1.8V. 


In addition to having low power consumption, the NE578 has a 
power-down mode. In this mode, the chip consumes only 170A. 
This power-down mode is useful when the functionality of the chip is 
not needed at all times. In the power-down mode , the NE578 
maintains all of its pin voltages at all their normal DC operating 
voltages. Because all of the capacitors remain charged in this 
mode, the power-up state will occur quickly. Powering down 
automatically mutes the NE578. Having the mute function internal 
to the NE578 audio section eliminates the need for an external 
switch. The NE578 is the only compandor in the family that has 
power-down and mute functions. 


To allow for greater flexibility, the OdB level is now programmable for 
the NE577 and NE578. However, for the NE576, the OdB level is 
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specified and set at 100MVpys. The earlier compandors also have 
a set unity gain (OdB) level. The NE570 and NE571 have a set 0dB 
level at 775MVpys. While the NE572 and the NE575 both have 
their OdB levels at 100MVpms. If a designer wanted a different OdB 
level, two op amps would have to be implemented in the design. 
One of the op amps would connect to the input of the compandor, 
while the other op amp would connect to the output. But with the 
NE577 and NE578, these external op amps are no longer needed. 
The OGB level can be programmed from 10MVpys to 1VRms with 
three external resistors. 


Many of the external parts in the previous family of compandors are 
now internal to the device. Additionally, the left side of the chip is 
configured as an expandor, and the right side is configured as a 
compressor. This allows for minimum part count and fewer 
variations in systems design. The external capacitors are also 
reduced in value which saves board space and cost. The only 
trade-off with using smaller capacitors is that there is less filtering. 
Because of this new approach, the NE576, NE577 and NE578 are 
easy to implement in any design. 


Table 1 shows a brief summary of all the compandors. The seven 
different compandors offer a wide range of flexibility: different types 
of packages, power-down capability, programmable or fixed unity 
gain, different reference voltages, a wide range of operating 
voltages and currents, different pin outs, etc. From this information, 
a designer can quickly choose a compandor which best meets the 
design requirements. After a compandor is chosen from the table, a 
designer can find additional help from data sheets and application 
notes. 


Since power consumption is important in most designs, it is 
important to discuss them in this application note. The NE570, 
NE571, and NE572 have built in voltage regulators, therefore, the 
current consumption remains roughly the same over the specified 
supply voltages. This can be especially useful when the power 
supply is not regulated very well. However with the NE575, NE576, 
NE577, and NE578, the current consumption will drop as the supply 
voltage decreases. For this, the power consumption will drop also. 
This means one can operate the part at a very low power level. This 
is a good feature for any design having strict power consumption 
guidelines. 


INTRODUCING NE577 AND NE578 

Figure 1 and 2 show block diagrams of the NE577 and 
NE578 respectively. The only substantial difference 
between the two is that the NE578 has a power-down 
capability, mute function and summing capabilities (for 
signals like DTMF tones). In addition the NE578 summing 
amplifiers are capable of driving 600Q loads. Listed below 
are the basic functions of each external component for 
Figure 1 (NE577). 
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Table 1. Compandor Family Overview 


a 


Packages 
NE: 0 to +70°C 
SA: —40 to +85°C 
















































N E576N 
NE576D 


NE578N 
NE578D 


NE570F 
NE570N 


NE575N 
NE575D 


NE577N 
NE577D 


NES71F 
NE571N 


NE572N 
NE572D 



































N: Plastic DIP NE570D NE571D NE575DJ 
D: Plastic SO 
F: Ceramic DIP SA571F SA572F SA575N SA576N SA577N SA578N 
DK: SSOP SA571N SA572N SA575D SA576D SA577D SA578D 
(Shrink Small SA571D SA572D SA575DK 
Outline 










Package) 


ALC (Automatic Both Chan- Both Chan- Both Chan-. 
Level Control) Right Channel | Right Channel | Right Channel | Right Channel 


Reference Voltage Fixed 1.8V Fixed 1.8V Fixed 2.5V Voc/2 


775mVams | 775MVams | 100MVams | 100MVams | 100MVams ins Ms 


Key Features -Excellent -Excellent | -Independent | -2 Uncom- -Low power -Low power -Low power 
Unity Gain Unity Gain | Attack & Re- | mitedon-chip | -Low external | -Programmable | -Programmable 
Tracking Error | Tracking Error | covery Time op amps component unity gain unity gain 





























































-Excellent -Excellent -Good THD __ | available count -Power down 

THD THD -Needs ext. -Low voltage -Mute function 
summing op -Summing ca- 
amp pability (DTMF) 


-600Q drive ca- 
pability 



















































Consumer au- 
dio circuits 


Applications 
Cordless Phones 
Cellular Phones 
Wireless Mics 


High perfor- 
mance audio 
circuits 


High perfor- 
mance audio 
circuits 


High perfor- 
mance audio 
circuits 


Battery pow- 
ered systems 


Battery pow- 
ered systems 


Battery pow- 
ered systems 









































Modems “Hi-Fi Com- “Hi-Fi Com- | “Hi-Fi Studio “Commercial “Commercial “Commercial 
Consumer Audio mercial Quali- | mercial Quali- Quality” “Commercial Quality” Quality” Quality” 
Two-way ty” ty” Quality” 


Communications 






NOTES: NE5750/5751 are also excellent audio processor components for high performance cordless and cellular applications that include the 
companding function.. 
*Ioc varies with Vcc. 


R1 — Determines the Unity Gain Level for the Expandor C4 — Used to AC Ground the Vper Pin 

R2 — Determines What Value the Reference Current (IRF) will be C5 — Provides AC Path from Gain Cell to Output of Summing Amp 
for the Part (Also Affects Unity Gain Level) C6 — Determines the Attack and Recovery Time for the Compressor 

R3 — Determines the Unity Gain Level for the Compressor C7 — DC Blocking Capacitor 

Ci — DC Blocking Capacitor C8 - Provides AC Ground for the DC Feedback Path 

C2 — Determines the Attack and Recovery Time for the Expandor C9 — DC Blocking Capacitor 


C3 — DC Blocking Capacitor 
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10k 
és GAINCELL = -—VW\v— 
EXPiN ' a 10k 
o— | aa | 
10,F BS 
10k 
Le D | : 
RECTIN PH V 
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EXPCAp an 30k | 30k 
+ 
C2 2.2uF 
a C3 EXPANDOR 
irs | ie 
EXPoL | 4 
OUT tour 
10k 
VV 
re VREF V VW 
= 6 BANDGAP 
aes $ IREF Vec COMPRESSOR 
GND 





GND 


*Ri, Re and R3 are 1% resistors. 


Figure 1.NE577 Block Diagram 

















10uF 
RECTIN 2 | 
EXPcap cel 30k 30k 
+ 
C2 2.2UF 
C3 EXPANDOR 
— + 
EXPOUT 
10OUF 10k 
VREF ae 8.6k 
2 \/ 
igo VREF V 
= BANDGAP 
pers 6 IREF Vec COMPRESSOR 
GND PWRDN 

















GND 


PWRDWN/ © 
MUTE 





*Ri, R2 and R3 are 1% resistors. 


Figure 2. NE578 Block Diagram 
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Listed below are the basic functions of each external component for 
Figure 2 (NE578). 
R1 — Determines the Unity Gain Level for the Expandor 


R2 -- Determines What Value the Reference Current (IRE) will be 
for the Part (Also Affects Unity Gain Level) 


R3 — Determines the Unity Gain Level for the Compressor 

R4 ~— Used to Set the Gain of an External Signal like DTMF Tones 
and Sum them with the Companded Signal 

C1 — DC Blocking Capacitor 

C2 — Determines the Attack and Recovery Time for the Expandor 

C3 — DC Blocking Capacitor 

C4 — Used to AC Ground the Vper Pin 

C5 — Provides AC Path from Gain Cell to Output of Summing Amp 

C6 — Determines the Attack and Recovery Time for the Compressor 

C7 — DC Blocking Capacitor 

C8 — Provides AC Ground for the DC Feedback Path 

C9 — DC Blocking Capacitor 

C10 — DC Blocking Capacitor 


HOW TO PROGRAM THE UNITY GAIN LEVEL 
(OdB) 

Three external resistors R1, R2, and R3 define the unity gain level. 
Both the NE577 and the NE578 OdB levels can vary from 10MVans 
to 1.0Vams. These limits are used in product characterization, but 
these parts can function over a wider OdB level range. 


In most applications the OdB level is equal for both the compressor 
and expandor side. Therefore, Ri and R3 are equal in value. R3 
sets the OdB level for the compressor side, and R1 sets the OdB 
level for the expandor side. However, there could be a situation 
where a design requires different OdB levels for compression and 
expansion. This will not be a problem with the NE577 or NE578, 
due to the separate OaB level programming. 


Using the formulas below, a designer can calculate the resistor 
values for a desired unity gain level. 


V 
Formula 1: Ro = co ee 
REF 


where 

Veq = Bandgap Voltage 
IReF = Reference Current 

(Vaca is brought out on Pin 6 and R2 

determines the Iper value) 

0.9 ° Vi 


Formula2:  R, = RMS 


ler 


where Vy, is the OdB level 
(R; = Rg in most cases) 


Programming the Unity Gain Level for the NE577 also applies for 
the NE578. 


Example: 


Program the NE577 or NE578 for a OdB Level at 100MVaus 
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Step 1: Veq=1.26V....... Typically. 
IReF=12.6uA.....Good Starting Point 


_ 1.26V 
Nat = ae Ee 
Ro = 100k 
Step 2: 
0.9Vj,, 
cree ee 
IREE 
(0.9V) (100MV pas) 
Rg Slay 12.6uA 
\Ry = Rg =7.15k 


Step 3: Ry = Re = 7.15k (1% value) 
Ro = 100k (1% value) 

Step 4: Plug in these resistor values and measure for unity gain. 
Adjust accordingly for accuracy. 


NOTE: Rough Limits for Resistors: 
1k < R1 < 100k (1% values) 
20k < R2 < 200k (1% values) 
1k < R3 < 100k (1% values) 


Rough Limits for IRer 
6.30A < IRE < 63uA 


The example above gives pretty close results. A designer should 
use 1% resistors to get the best performance. Below in Table 2 are 
some recommended values to get started: 


Table 2. Recommended Resistor Values for 


Different 0dB Levels | 
[ae are 








316.2MVams i | 100k 22.6k 
~ 100mVams 100k | — 7.15k 


PARAMETERS THAT LIMIT THE DYNAMIC RANGE 
The above example is a good place to start, but to get the optimum 
performance from the NE577 and NE578, a designer needs to 
understand certain key parameters. Iper is important because it 
determines the values for all three resistors (R1, R2, and R3). Since 
Iner is directly related to Icc (see Figure 3), one should be careful in 
choosing a vaiue. If one chooses a high Ipe¢ current, power 
consumption goes up. However the output signal will have excellent 
low level distortion (see Figures 4 and 5). If one chooses a low Iperf 
value, distortion at the output will increase slightly. Conversely, the 
power consumption is reduced, which might be worth the trade-off in 
battery operated designs. 


The dynamic range of the NE577 and NE578 is determined by 
supply voltage (Vcc) and reference current (IRer). IRE determines 
how well the compandor will perform with low level input signals. 
The supply voltage determines how high (in level) an input signal 
can be before clipping appears on the output (in some cases 
increasing Iner also helps). A designer needs to estimate the input 
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range going into the compandor so that an appropriate Voc and Example: 

lIREF Can be chosen. Making use of the graphs in Figures 3 - 8 and formulas 1 and 2, 
design a compandor with a OdB level of 10OOmMVpys. Try to achieve 
a THD of 0.1 on the compressor side with wide dynamic range. 
Operate at a supply voltage of 3.6V but with the lowest possible 


The bandgap voltage (Vga) slightly varies over a wide range Of IRer 
currents (Figure 6). Figure 7 shows how Ipe_r varies with R2. The 
higher R2 is, the lower Iper is. Figure 8 shows how the dynamic 


: current consumption. 
range varies over different values of Iper (the higher the supply 
voltage the better the dynamic range). The graphs in Figures 3 - 8 Step 1: According to Figure 5, an Iper of 
were taken at Voc=3.6V, F=1kHz and OdB level=100mVams. The 30pHA is required for approximately 
laer Current was limited between 5uA and 40pA. i 0.1% distortion. 


It can be seen that Iper plays an important role in current 
consumption, THD, and dynamic range. With the aid of these 
figures, one can determine an Iperf which meets the design goals. 
































THD EXPANDOR (%) 
THD COMPRESSOR (%) 





























0 2 #30 40 eg ms 2 ; 
IREF (HA) IREF (uA) REF (uA) 
Figure 5. IReE- vs THD, Compressor Side 
100 


Figure 3. IRe¢ vS icc Figure 4. Iper vs THD, Expandor Side 


1.2 











1.23 





DYNAMIC RANGE (dB) 


5 
1.24 
1.22 

1 


1.2 






































1.20 20 30 
0 10 20 30 40 50 IREF (uA) 


IREF (HA) IREF (HA) 





Figure 6. IRer VS Veg Figure 7. Iper vs R2, R1 Figure 8. Iperf vs Dynamic Range 





Test Conditions: Vec=3.6V F=1kHz 0dB=100mMVpns 
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Step 2: From Figure 8, the dynamic range is approximately 92dB. 
So far the requirements have been met. 


Step 3: Figure 3 shows us that Icc is at 1.9mA with no input signai 
(that’s not bad at all!). 


Step 4: Calculating Ri, R2, and R3 
Graphical Method: 


From Figure 7: For Iper=S0nA and OdB=100MVp_mys R1=R3=3k 
R2=40k “ 


Actual resistors available: R1=R3=3.01k (1%) R2=40.2k (1%) 


Formula Method: 
From Figure 6: Vag=1.21V for IRper=30uA therefore, using formula 
Ne 


- Vac 
: leer 

= 421 
Re = 20nA 
Ro = 40.33k 


_ Ro = 40.2k (available in 1%) 


Recall from formula 2: 
0.9 


. Vin 
R, eA RMS 
leer 
a. (0:9V) 100MV ans) 
1 30uA 
R, = 3k 


R, = 3.01k (available in 1%) 
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Connect these external resistors with the determined values and 
adjust for optimum performance. 


Bench results: 
After completing the exercise above, the resistors were connected 
and the results are given below. , 


loc = 1.89mA (with no input signal) 
THD = 0.1 (meausured on spectrum analyzer) 
OdB = 109MVrms (off by. 0.8dB...good!) Dynamic Range = $2dB 


‘These results are very close to what was predicted and by tweaking 


Ri and R3, the OdB error can be further reduced to zero. 


BANDWIDTH OF COMPANDOR 

Figure 9 shows the typical bandwidth for the NE577 and NE578. 
The graphs were taken with a Vcc of 3.6V and a OdB level of 
100mMVams. The bandwidth of the expandor, the compressor, and 
the compandor (where a signal goes through the compressor and 
the expandor) is shown in this figure. Although the NE577 and 
NE578 are conservatively specified with a 20kHz bandwidth, Figure 
9 reveals that it is actually around 300kHz. 























| | OdB = 106mMVpys 


























— f= ikHz 
Voc = 3.6V 
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Compressor 7 
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\ Compressor 


Compandor (System) 
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100k 


Frequency (Hz) 
Figure 9. Bandwidth of NE577 and NE578 Demo Board 
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HOW TO SET THE ATTACK AND RECOVERY 
TIMES 

C2 and C6, from figures 1 and 2, set the attack and recovery times 
for the NE577 and NE578. Application Note 174 (AN174) defines A 
and R times and also describes how they are measured on the 
bench. Formula 3 shows how the A and R time can be calculated. 


Formula 3: 
Attack Time [ms] = 10k * C2 or C6 
Release Time [ms] = 4 * Attack Time 


Although a fast attack time is desirable, one must remember that 
there is a trade-off with low distortion. As a general rule, a 1.F 
capacitor for C2 will produce 0.2% THD at 1kHz. Since CCITT 
recommends an RC time constant of 20ms for the attack time, a 2u.F 
capacitor is recommended for telephony applications because it has 
only 0.1% THD at 1kHz and 0.33% at 800Hz. 


Note: AN174 can be found in the 1989 Linear Data Manual, Volume 
1, or the RF Handbook. 


IMPLEMENTING A PROGRAMMABLE AUTOMATIC 
LEVEL CONTROL 

The function of an automatic level contro! (ALC) is to take a given 
range of input signals and provide a constant AC output level. This 
type of function is useful in many audio applications. One such 
application can be found in tape recorders. When a tape recorder 
with ALC is recording a conversation, a soft spoken person will be 
heard just as well as a loud spoken person during play back. 
Another useful application for ALC could be with telephony. A 
person who has difficulty hearing, will not have to ask the other party 





C7 





ae | aed 


ALC INPUT 


NOTE: Relocating(A) to 


to speak up. If the phone already has a volume control, the user 
has to adjust the volume for different parties. But with the ALC, the 
volume only has to be set once. 


Different constant AC output levels of an ALC can be ‘programmed’ 
with the NE577 and NE578. This allows the designer to choose the 
output level that is needed in the design, and eliminates the need 
for an external op amp. . 


The compressor side of the NE577 and NE578 can be configured to 
function as an automatic level control (ALC). Figure 10 and 11 show 
how this can be done. The circuit shown for the NE577/78 ALC is 
set up to provide a constant output level of 100mVays with an input 
range from —34dB to +20dB at 1kHz (see Figure 12). 


Below are some design equations for the ALC: 
Eq 1. 


Rg * Ro, | aa 


AC output level(Vays) = —R 


lg 


where R, = R 10k (internal) 
la 2a 


fea = ewe 
REF — R, 
Eq 2. 
: ; 4(R, + Ry) : Ro, 7 Ine 
Maximum Gain = —_r T_T 
ta “CG 
Eq 3. 
Gai Rg ° Ro,  IREF 
ain = ——— 
Ry, . Vineue 


c9 
10uF 


+{(—_o 


ALC OUTPUT 


makes the circuit a compressor. = 





Figure 10. NE577 ALC Configuration 
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C9 


+ (—o 


ALC OUTPUT 








ALC INPUT 


NO CONNECTION © Ea 


NOTE: Relocating (A) to 


makes the circuit a compressor. aE 


Figure 11. NE578 ALC Configuration 





Example: | 4(R3 + Ry): Ro. * Ree 
Design an ALC with a constant output level of 100mVams with a Maximum Gain = ——e. Vee 
maximum gain of 10. Ta ~ CC 
Step 1: From Eq 1 | In terms of Rx pe 
Rg ° Ro. * lRer (Max. Gain) (Vcc) (R;,) 
AC output level(Vayc) = | ——5— | °- 1.11 R= 
Ay 4R 2. REF 
where R, = Ry = 10k (internal) : _ (10) (8.6V) (10k) 
ye Rx = “A foK) 260A 1K 
lRer = R, 7 

In terms of i Rx = 707.1k 

a AC output level(Vayg)| Ri R, = 715k (available) 

SS 
(1.11) (Ro) locr | Step 3: 
assuming Ro = 100k and Vgg = 1.26V. —connect resistors to circuit 


—measure AC output level and adjust R3 for 
= 100MVims * 10K best accuracy 
$4.44» 10k + 12.6nA ~—check maximum gain by applying a low input 
R, = 7.15k level and adjust Rx for best results 


Step 2: From Eq 2 
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Figure 12 shows the characteristics of the NE577/578 ALC circuit 
without Rx. The output stays at a constant 100mMVpms level fora 
wide range of different input AC voltages. Any AC input signal 
above the cross-over point (unity gain level) is attenuated while any 
signal below the cross-over point is amplified. The cross-over point 
is where the input signal is equal to the output signal, where Ay=1. 


Figure 13 reveals the dynamic range of the NE577 ALC circuit using 
Rx. The input range of the ALC is reduced. Instead of a2mVays 
input signal to get 100MVpms on the output, ad4OmMV_ns input signal 
is now required (for Rx=681k). The purpose of limiting the 
maximum gain of the circuit is to prevent amplification of background 
noise. To alleviate this problem, Rx is used. Since the ALC was 
designed with a maximum gain of 10, any input signal below 10mV 
will not be amplified with a gain greater than 10 
(100MVa_ys/10=10MvV_ams). Using Rx can be an advantage because 
the threshold of the ALC can be set. 


Figure 14 shows that as Rx increases so does Ay. In some 
applications it might be useful to make Rx a potentiometer. This will 
allow the user to adjust the threshold for different environmental 
conditions. 


Figures 15-18 show the results of using the ALC for different 
constant output levels. Voc and Ip_er limit the dynamic range. The 
upper part of the range can be increased by either increasing Vcc 
and/or Iper. The lower part of the range can be improved by 
increasing Iperf. 


EXTRA FEATURES FOR NE578 

The NE578 has three extra functions over the NE577. These are 
power-down, mute and summing capabilities. To implement the 
power-down/mute mode, Pin 8 should be active low (open collector 
configuration, see Figure 19). If the power-down/mute feature is not 
used, Pin 8 should be left open. The NE578 only consumes 170unA 
of current at 3.6V when Pin 8 is activated. The power-down/mute 
mode is useful in designs when the function of the chip is not utilized 
at all times. This feature is a necessity where power conservation is 
Critical. 


In cellular and cordless applications, it is common to mix DTMF 
tones with the audio signal. This usually requires another op amp in 
which to mix the signals. With the NE578, however, the DTMF 
tones can be mixed internally on the compressor side. The DTMF 
signal is also compressed with the audio signa! and ready for data 
transmission. Figure 2 shows that the summing of signals can be 
done at Pin 9 with R4 and C10. If amplification is not needed, then 
a 10k resistor is a recommended value for R4. In addition the 
summing amplifiers are capable of driving 600Q loads. 


THE NE577 AND NE578 AS A DUAL EXPANDOR 
The compressor side can actually be configured as an expandor for 
both the NE577 and NE578. Figure 20 shows how this can be 
done. Because Pin 9 of the NE578 is available to the designer, the 
compressor side can not only be configured as an expandor, but as 
an expandor with summing capabilities. 


OPERATING AT 1.8V 
The NE577 and NE578 can operate at 1.8V. 


NE577 AND NE578 DEMO BOARDS 
Figures 21 shows the DIP package layout for the NE577 and NE578 
demo boards, respectively. Figures 22 shows the SO layout for the 
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NE577 and NE578 demo boards, respectively. The layouts are 
configured such that R1, R2, R3, and Rx can be removed and 
replaced easily.- A switch is also available to change the operating 
mode of the compressor to an ALC configuration and vice versa 
(position the switch to the right for ALC mode). 


When the compressor side is being evaluated, disconnect Rx 
completely from the socket on the demo boards. Rx should only be 
used when the compandor is being used for ALC. . 


For the NE578 demo board, two extra post are available. One is for 
power-down; the other is for summing external signals. To 
power-down, simply ground this post. To sum signals, connect the 
external signal to the proper post. 


= xdB 


AC input level Vems 
AC output level VRms 


CROSS-OVER POINT 
AC output level determined by Eq. 1. 


Values in the example give 
100mVRMs output. 





AVMAX 


INPUT OF ALC OUTPUT OF ALC 


Figure 12. Dynamic Range of NE577 
ALC Demonstration Board Without Rx 


100mMVRMS 





40mVRMSs 


OUTPUT OF ALC 


INPUT OF ALC 


Figure 13. Dynamic Range of NE577 ALC Demo Board 
with Ry = 715kW 
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AvVMAX = 10 


= xdB 
AC output level Vems 





AC input levelV pus 
2060 || >= 


AvyMAX = 1 100MVRMS 





CROSS-OVER POINT 
Ay =1 








AVMAX = 10 
Rx = 715k 


AVMAX 
NO Rx Ay>1 
INPUT OF ALC OUTPUT OF ALC INPUT OF ALC OUTPUT OF ALC 


Figure 14. Dynamic Range of NE577 ALC Demo Board Figure 15. NE577 ALC: AC Output Level = 10MVpus 
with Different Ry Values 


AC input level V : 
RMS AC input level V 
20i0g (eae = xdB ie ( input level Vaujg 


AC output level V AISGAUEAE late AT Oe 
RMS AC output level Vems 








100mV 316mV 
RMS, 43 RMS oa 


AvV=1 cROSS-OVER POINT Av=1 cRosS-OVER POINT 





-34dB 
INPUT OF ALC OUTPUT OF ALC INPUT OF ALC OUTPUT OF ALC 


Figure 16. NE577 ALC: AC Output Level = 100mMVrpans Figure 17. NE577 ALC: AC Output Level = 


‘. AC input level VRMS 
°9 | ac output level Vems 





Ay=1 CROSS-OVER POINT 








AVMAX 
INPUT OF ALC OUTPUT OF ALC 


Figure 18. NE577 ALC: AC Output Level = 1Vams 
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LEVEL AT PIN 8 SHOULD BE OPEN COLLECTOR TTL LEVELS 

THE REASON FOR OPEN COLLECTOR CONFIGURATION IS TO ENSURE: 
1) PIN 8 IS FLOATING WHEN POWER-DOWN/MUTE IS NOT IMPLEMENTED 
2) PIN 8 IS GROUNDED WHEN POWER-DOWN/MUTE IS ACTIVE 


Figure 19. Proper Use of NE578 Pin 8 





NO CONNECTION 




















a. NE577 


RDC1 
30k 


NO CONNECTION 





NO CONNECTION of. |}—___+ 


Ria 
10k 





REXT 
2k 
—— WW 
b. NE578 











Figure 20. Expandor Configuration for the Compressor Side 
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NOTE: C10 eliminated as of 11/30/94. 


Bottom View 
Figure 21. NE577 and NE578 DIP Application Board Layout 
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NOTE: C11 eliminated as of 11/80/94. 
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SYSTEM SOLUTIONS FOR RF/WIRELESS STANDARDS 

As the fastest growing area in electronics, the wireless personal communications 
market is fiercely competitive for semiconductor, communication equipment and 
EDP vendors alike. As a market characterized by a multiplicity of standards, only 
vendors with resources, vision and a commitment to innovation will realize the 
standards of the future. Philips Semiconductors is such a vendor, with complete 
system solutions for virtually all current cellular, cordless and paging standards, 
and with roadmaps for the global systems of the future. 


The following section contains information on chipsets for several cellular 
telephone, cordless telephone, and wireless data standards. The system solutions 
and block diagrams presented in this section represent Philips chipset solutions 
that are currently available. Detailed information on individual ICs can be found in 
the preceding sections of this or other referenced data handbooks. 


The list of solutions presented is by no means exhaustive, and is intended to 
demonstrate Philips’ products and capabilities in several important wireless 
markets. Philips is constantly moving forward with new solutions for existing, as 
well as emerging, standards. If you would like more information on current chipsets 
and standard ICs, or would like to see what we are planning for the future, please 
contact your local Philips sales engineer or Philips representative. 
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AMPS/(E)TACS/CDPD Analog Cellular 


Analog Cellular Chipset 

AMPS (Advanced Mobile Phone Service) 
TACS (Total Access Communication System) 
CDPD (Cellular Digital Packet Data) 


AMPS/(E)TACS AND CDPD 
Although the AMPS/(E)TACS analog cellular market is now in a stage of maturity, price erosion has led to rapid growth and a transformation 
from a business only to a mass consumer market. This growth continues not only in the US and UK (where the standards originated) but also in 
mainland Europe, Asia and Latin America. Interest in wireless data communications is also fuelling growth of the related Cellular Digital Packet 
Data (CDPD) standard. 


For manufacturers facing shorter product life cycles, rapidly decreasing market prices and faster times-to-market, our system solutions present 
a unique opportunity. A worldwide neiwork of application support centers is equipped to provide valuable assistance at all stages of the 
_ development process, from initial design through qualification and final production. 


Current AMPS/(E)TACS and CDPD chip-set | 

Out current chip-set uses 3V technology to improve power consumption and standby- and talk-time in today’s hand-held phones. Evaluation 
kits are available for AMPS (OM4753), and will shortly be available for (EJTACS (OM4751) and AMPS/CDPD (OM15001) standards. The 
AMPS/(E)TACS kits include a fully functional target system: handset, LCD, keypad, 3 evaluation boards (baseband board, RF transceiver 
board, software emulation board) and object code. The AMPS/CDPD kit contains a multilayer test board, which integrates RF and baseband 
functions, and demonstration software. . 


RF Transceiver 

The RF transceiver is composed of three low voltage, high performance |Cs. The SA601 RF front end incorporates a low noise amplifier (LNA) 
and downconvert mixer to translate the incoming RF signal to the first IF. The SA606 FM IF further downconverts and demodulates the 1st IF 
signal to provide the audio/data and RSSI signals. The UMA1015 dual frequency synthesizer locks the receive and transmit VCOs. These 
three ICs typically draw a total of 20mA or less from a 2.7 to 5.5V supply. 


Our BGY series of power modules provide a complete, integrated solution for all power classes of AMPS/(E)TACS and CDPD products. 


ad 


Baseband Section 
The AMPS/(E)TACS baseband solution handles all audio and data processing, control and memory functions. The SA5752, SA5753 audio 
processors and TDA7050 audio amplifier provide companding, VOX, filtering, amplification and control functions needed to meet AMPS and 
(E)TACS system requirements. The UMA1000LT data processor incorporates all of the necessary data transceiving, processing and SAT 
functions. The P83CL580 8-bit microcontroller, PCF8582T EEPROM and PSD312L EPROM provide the control and memory for the entire 
handset. 


Software 

A demonstration software package is available (OM4752), based on the PL/M51 language. Together with the hardware evaluation kits, 
customers can use this software to evaluate AMPS/(E)TACS protocol and operation. The software controls the transmit, receive and 
man-machine interface (MMI) portions of the system. 


Soon to be available is our protocol software running under a real-time operating system. With its real-time kernel, the software is event-driven, 
enabling the system controller to power down quickly when idle. As this protocol software is being developed with our module-set for official 
approval (CTIA/FCC/BABT), you'll be able to purchase a “qualified” software package. The software, supplied as object code, will have 
standardized MMI and hardware-platform interfaces. This enables easy customization of the MMI and hardware using the “C” language. 


The Philips Semiconductors AMPS/(E)TACS/CDPD chipset consists of: IC-17 Page 
SA601 Low voltage LNA and mixer - 1GHz ............ saosin shag cscnuedacgeasisic date eerie taetee ee 51 
SA606 Low-voltage high performance mixer FM IF system ............ 0.0: eee eee ene ees 522 
UMA1015M Low-power dual frequency synthesizer for radio communications ..............0000ce cece ee aes 907 
SA5752 Audio processor - companding, VOX and amplifier section ............. 20... e eee eee ees 1077 
SA5753 Audio processor =tiller-and Contrel:SeOuon) viv wewseG: eects ete Re exe Wee REA Seaway etek 1087 
UMA1000LT Data processor for cellular radio(DPROC) ......... 0... ccc cee ee eee tenn en ees 1296 
P83CL580 SB it MIChOC Ont ONC axe. 5 5. oht ety cies in ee wide tat geld a panei a wea ats Satna Watt oe ae ag IC-20 
TDA7050 Audio amplifier 
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IS-54/TDMA Digital Cellular 


North American Digital Cellular (NADC) IS-54/TDMA 
RF Transceiver Chipset 


IS-54 (D-AMPS; TDMA) AND IS-95 (CDMA) 

Designed to address the problem of using existing channels more efficiently, |S-54 employs the same 30 kHz channel spacing 
and frequency bands (824-849 and 869-894 MHz) as the current North American analog cellular standard: AMPS. By using 
TDMA instead of FDMA, IS-54 increases the number of users from 1 to 3 per channel (up to 10 with enhanced TDMA). The 
IS-54 specification states that the digital handset and system must also support the analog AMPS system. Although it’s early 
days for IS-54, forecasts indicate there will be over 4 million users in three years time. Experience from the low power AMPS 
chip-set, together with customer inputs, were combined to produce a 4-chip solution for an IS-54 RF/IF section. 


IS-95 is another digital standard that uses the same frequency bands as AMPS and supports AMPS operation. This standard 
uses CDMA, employing spread-spectrum technology and a special coding scheme. This standard is at a very early stage but 
promises a threefold increase in user capacity over IS-54. 


IS-54 transceiver chip-set 

To compete with existing analog standards, a low power, highly integrated solution is a must for any digital standard to succeed. 
Our new chip-set for IS-54 meets these criteria. The chip-set combines all of the necessary RF and IF functions into four 
integrated devices: the SA601 RF front end, the SA7025 dual frequency synthesizer, the SA900 I/Q transmit modulator and the 
SA637 digital IF receiver or SA606 FM IF receiver + external I/Q demodulator. These devices were designed as a system and 
therefore have interface levels which are matched, eliminating tae need for additional buffers and interface devices. There is 
also a common high speed serial interface bus, making addressing the devices simpler. Additionally the frequency plan was 
designed to eliminate the need for an additional synthesizer and VCO loop. All of these features dramatically reduces the cost 
and size while improving the performance of the overall system. 


Although this is not the only IS-54 solution, our 4-chip configuration is the most integrated and easy to use chip-set available 
today. For example, the SA900 provides I/Q modulators, the phase shifter, the VGA, a filter, control logic, clock distribution and 
more in a single IC. The need for two RF synthesizers was eliminated by closely coupling the SA7025 and the SA900 so it is 
possible to use the main synthesizer to simultaneously generate receive and transmit signals. The integration and connectivity 
of the chip-set promote significant cost reduction. In addition this integrated solution reduces the time to a final product by 
simplifying the design effort. The result is a smaller, cost effective, low-power phone that is ultimately more attractive to the end 
users. : 


Moving to a digital standard not only provides for increase in capacity, but offers the advantages of service integration. With the 
use of a digital modulation, other services such as data and fax can also be handled more easily over this system. 


The Philips Semiconductors IS-54 TDMA RF transceiver chipset consists of the following ICs: IC-17 Page 
SA601 Low voltage LNA and mixer - 1GHZ ..... 0... cece cc ee ee nent eee e ene e en nnnes 51 
SA606 Low voltage high performance mixer FM/IF system ........... 2.0.0 cece ee ee eens 522 
SA637_ Low-voltage digital IF receiver .. 2.2... kc ccc een ene e beeen e ene en en enee 666 
SA7025 Low-voltage 1GHz fractional-N synthesizer ............ 0.0 cece cee ce cee eee eens Sl eveeeeaes 756 
SA900 /Q transmit Modulator... 2... ce eee enn tence teen eben enn eeeeaes 1005 
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GSM/DCS1800 Digital Cellular 


GSM (Global System for Mobile Communications)/DCS1800 
Digital Cellular Chipset 


GSM/DCS1800 (PCN) 

As one of the IPR (intellectual property rights) holders of the Global System for Mobile communications (GSM), Philips 
Semiconductors was involved in GSM-specific integration at an early stage. In 1992 Philips produced the world’s first 
single-chip baseband signal processor for GSM. This early start, combined with our Knowledge in wireless personal 
communications, has enabled us to provide complete solutions to meet all your needs for the GSM ee MHz) digital standard , 
and its PCN derivative DCS1800 (1800 MHz). 


Our GSM/DCS1800 portfolio comprises complete, low-power solutions for manufacturers of handsets and modules. These 
solutions include total support (from system design to software for all GSM “layers”), and cover all functions from loudspeaker & 
microphone to antenna. All Philips Semiconductors’ solutions comply with the general specifications of the GSM digital cellular 
network. 


1st Generation GSM chip-set 

Our first generation chip-set uses 5V technology and has built-in power management to increase standby and talk-time. It 
performs all functions required for GSM phones and comes with complete hardware/software support. A fully operational 
demo-kit is available for system evaluation. 


The RF transceiver performs all up-/down-modulation of the baseband and RF frequencies, respectively. It comprises: the 
PCA5075 (power amplifier controller), VAA2071 (RF transmitter), UAA2072M (RF receiver), UMA1018 (frequency Syninesiee), 
NE602A (IF receiver) and the TDA8780 (logarithmic amplifier). 


The single-chip baseband interface (BBI; PCD5071) performs all AD/DA conversions of the baseband (IF) frequency and the 
GMSK modulation/demodulation. 


All GSM baseband signal-processing algorithms are handled in the PCF5081 single-chip RISC processor. The DSP © 
communicates via three interfaces: a serial interface through the BBI to the RF section, a serial speech interface to the audio 
Codec and a parallel interface to our 68000-based system controller. Signal processing is implemented in software using 
application-specific hardware to speed up execution of the program modules. io 


The system controller (P90CL301) and TDMA timer (PCF5076) perform all the GSM layer. 1 to layer 3 tasks and provide 
time-critical hardware signals. The smartcard interface (TDA8005) controls the display, keyboard and smartcard (SIM - 
Subscriber Identity Module). 


Other components of the chip-set comprise a program ROM and data RAM for the system controller, and a proprietary 14-bit 
audio Codec (ARCOF)). 


2nd generation GSM/DCS1800 chip-set 

With samples available in early 1995, this 3 V chip-set uses low-power, low-voltage technology, is highly integrated and is 
suitable for GSM and DCS1800 (PCN) systems. This 8-chip solution is the next milestone on the road to smaller digital 
phones. Key features include ICs fabricated in 0.5mm CMOS technology for the baseband and QUBiC (BiCMOS) technology 
for the RF part. The ICs are encapsulated in small TQFP packages. 


In the RF section, three new ICs complement the existing PCA5075: the SA1620 RF transceiver, the SA1638 IF transceiver 
and the UMA1019 RF synthesizer. The new chip-set has been developed with future systems in mind. Only minor changes 
are required to support DCS1800/PCS1900 or dual-mode and multi-mode handsets (e.g. GSM/DCS or GSM/DCS/DECT). 
The chip set supports high IF frequencies and allows simple, low-cost filters to be used for image-rejection. 


’ The baseband and audio interface (PCD5072) is a new single-chip interface between the IF transceiver, the microphone & 
earpiece and the baseband processor. It integrates an audio Codec and auxiliary AD/DA converters for AGC, AFC and power 
management. 


The new baseband DSP (PCF5083) includes the TDMA timer. Like the earlier PCF5081, an on-chip ROM contains firmware 
program modules to perform all necessary processing algorithms. Special attention has now been given to equalization to 
improve performance in hilly areas and fast-moving vehicles. 
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Philips Semiconductors offers two complete GSM chipsets for mobile telephones and base-stations 
that consist of: IC-17 Page 


1st Generation Chipset for GSM: 


NE/SA602A Double-balanced mixer and Oscillator j-cciir oe ete t oosetatecas eter teesrsnetee based owes 62 
UAA2072M Image reject GSM Monten”: sssccsns ee cae bts dee be raa dete ke eve wra ie bee eatseS ke 137 
TDA8780M True logarithmic AMplitiel” ice :a5h cecdcne aveancounceured keveeedan Mice ua ecd eeweee es 409 
UMA1018M Low-voltage dual frequency synthesizer for radio telephones ................-...-2-0-- .. 1071 
PCA5075 Power amplifier controller for'GSM SySteEms : 3.203 bse eeeeed teen oe Eee ee ees 1115 
PCD5071 Gol: baseband Inlenace nnc.c5 ceeae redid eine eee ee oe din heehee oat eles 1205 
PCF5081/PCF5082 GSM baseband processors for digital mobile cellular radio ........... 0.0.0... cee eee eee 1252 
UAA2071 GSM Transmit MO CuUIaION cajsccon toe naiatey eee ates hs Deere ae eens Ee he aly oy Ae Me Re ICO3 
TDA8005 SIVMNICH ACE ta an cette aha hetaeenomadtyan wenmewemtcawmks tele es aur nee eee cnety IC12 
PCF5076 TDMA timer 

P90CL301 Low-voltage microcontroller 


2nd Generation Chipset for GSM/DCS1800: 


SA1620 ow-vollage: GSM AF transceiver iseeinie it weiiedew est ieias ee 8 Shek eee 102 
SA1638 Low-voltage GSMiIF transceiver ¢5.ci02.4is6050 cenrdecdiuceneeretad ieeeetes eo anet eee eens 694 
UMA1019M Low-voltage frequency synthesizer for radio telephones .......... 0... cc cee ee eee teen eens 957 
PCA5075 Power amplifier controller for GSM systeMS ........ 0... ccc cee nce e eee e ene ennas 1115 
TDA8005 SIM IntGHace Sng, Goa. ped eve des sy eeeaaacns Scdpaetienties heel pata acta ie Sta siete IC12 
P90CL301 Low-voltage microcontroller 

PCD5072 GSM baseband interface 

PCF5083 GSM baseband processor 
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CTO Analog Cordless 


SSS a aera er 2 a 
CTO Analog Cordless Chipset 


CTO " 
This low-frequency analog cordless standard is established in many countries at various frequencies around 50MHz, including: 
@ France (26/41 MHz) 


@ Australia (30/39 MHz) 

@ The Netherlands & Spain (31/40 MHz) 

@ China, S. Korea, Taiwan, USA, Latin America (46/49 MHz) 
® China (48/74 MHz). 


As this market continues to grow (in terms of countries and increasing user density), our complete module/chip-set system 
approach to CTO offers a low-cost solution with a number of advantages over competitors: 


@ It is an auto-scan, multiple-channel access (MCA) system: the base station and handset(s) automatically detect and 
select a free channel for incoming and outgoing calls 


® 8 of the most commonly used CTO frequency tables are incorporated in the standard chip-set, consequently software 
changes are not required 


@ One base-station unit can operate up to eight handsets. 


System design is based on an advanced communication protocol using MSK (minimum shift keying) at 1200bps. This means 
high spectral efficiency and low-energy harmonics. Moreover, communication between base unit and handset features: 


® A 20-bit security code (factory or user programmable) 
@ 2-way paging and 2-way intercom 
@ Call transfer between base unit & handset OR handset & handset 
@ Noise reduction for high audio performance 
© DTMF/pulse dialling, or mixed-mode dialling. 
The base-station unit offers a full-function speaker phone with keypad for use without handset, and a last number redial 


memory of 32 digits. It also includes a repertory dial memory (10 numbers of 24 digits, or 10 numbers of 16 digits + 3 
emergency 28-digit numbers) and a music-on-hold facility. 


The handset design incorporates an advanced power-saving algorithm to achieve a 12-day standby time. With the same 
number memory facilities as the base station, it also includes a low-battery warning, an out-of-range warning and a back-light 
for night use. 


Evaluation kit 
Demo/evaluation boards are available to cover all CTO frequencies (type OM4760-X; X = country version). 


The Philips Semiconductors CTO chipset consists of the following ICs: IC-17 Page 
TDA7O052A/AT ~~ 1-Watt low voltage audio power amp with DC volume control ............. 0.2 cece eee ees 391 
SA676 Lowsvoltage: mixer EMU Syslemicy aceon oh aeeee etn eds $6 tem Cees etad ate teedut aces weeds 685 
NE/SA576 LOW DOWERCOMDANCO! we anno cnecevtas Rie Ww tetme eee teoue ts ee ean Aen Oe eee Maw! 1371 
PCD4431-2 Gordiess:Decoder:(handset) ...0-1ds24 Sspaeenta saw hat eein caw OP eetendee eee tead eel etee IC-20 
PCD3333-2 Cordless Decoder (basestation): 24046642 dvicd eeu Said abe owe we oN ews Ras Ewe GER sow ws lus IC-20 
TEA1094 Handsfree Speaker Phone Amplifier (basestation) ............. 0.0 cece eee eee eens IC-20 
TEA1062/ 

TEA1062A Speech and Line Interface (basestation) ........... 0... cee eee eens IC-20 
P80CL51 MichOCOnIDIIEr cote eate kee tous Sao eno eat eile? eal ain rea tte iL aes IC-20 
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CT1/CT1+ Analog Cordless Chipset 


CT1/CT1+ : 

CT1 and CT1+ have been chosen as the analog cordless standard by PTTs in several European countries. Their choice was 
based on the CT1/CT1+ multi-channel capability and 9OOMHz frequency. The high-frequency used and smaller market for this 
standard has made CT1/CT1+ sets inherently more expensive than CTO. However, as CTO now features a multi-channel 
capability, consumer pressure is forcing CT1/CT1+ price-reductions. A low-voltage, auto-scan MCA solution for CT1/CT1+ 
offers a highly competitive package: 


@ A full solution for CT1 and CT1+ with software/hardware modifications available on request, and help in obtaining PTT 
approval 


@ One base-station can operate up to six handsets 

@ Advanced communication protocol 

@ 21-bit security code (factory or user programmable) 

@ 2-way paging and 2-way intercom 

®@ Call transfer between base unit & handset OR handset & handset 
@ Noise reduction for high audio performance 

@ DTMF/pulse dialling, or mixed-mode dialling 


@ Programmable country settings, for all European countries. 


The base-station unit offers a full-function speaker phone with keypad for use without handset, and a last number redial 
memory of 23 digits. It also includes a repertory dial memory (10 numbers of 23 digits), a music-on-hold facility and a fast 
battery charger (< 4 hrs). 


The handset features the same number-memory facilities as the base-station unit, out-of-range warning and low battery 
warning. Battery management assures a standby time of more than 24 hours, with the handset supporting fixed or replaceable 
batteries. 


=“ 


For CT1/CT1+, Philips also provide production-line testing software and service-engineer maintenance software. 


Evaluation kits 
Demo/evaluation boards are available: type OM4743 for CT1 and type OM4744 for CT1+. 


The Philips Semiconductors CT1/CT1+ chipset consists of: IC-17 Page 
SA601 Kow vollage LNA:and mixer —1GNZ:. cee erca ates eet ek se ualcie kanye eek ee ES eas eS 51 
TDA7O52A/AT ~——-1-Watt low voltage audio power amp with DC volume control ............. 0.0.02: e eee eee eee 391 
SA616 Low voltage high performance mixer FM/IF system ............ 2.00 e eee eee ees 538 
UMA1015M Low power dual frequency synthesizer for radio communications ................. 20. cee eee eee 907 
NE/SA576 LOW POWEr COMPANGOl” 226% Cera t o us Ses a eek OU cobs eaaaind htc eae tug Aadewaadeile nates WO Bend 1371 
PCD3312 DTW Genero nace ace taie er A io oats Cee eg Oe ere Guee eRe Ue ES eee ee IC14 
P83CL782 Low-voliage microconiollen 72222 eee ony tees celta a ae titania ee ye uaa Sie wet ed IC20 
TEA1064AT Speech and Line Interface (base-station) ....... sects tine haeesuhy Occ tk Binura serie eaatlenee IC20 
TEA1094 Handsfree Speaker Phone Amplifier (base-station) ............. 00. c cece eee eens IC20 
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DECT (Digital European Cordless Telephone) Chipset 


DECT 

The Philips Semiconductors chip-set for Digital European Cordless Telecommunication (DECT) is intended for use in a variety 
of wireless office and residential communications products. The chip-set is comprised of low-power ICs which provide a 
complete solution for both baseband and RF. 


Our DECT products are supported by a complete evaluation kit, and exclusive software support via our partner Silicon & 
Software Systems Ltd. The services of our worldwide application laboratories are also available to help with optimum design-in. 


DECT office-communication chip-set 
The Philips Semiconductors low-voltage DECT PCD504X Burst-Mode Controller (BMC) forms the heart of the baseband 
section in base-stations and handsets. It communicates with the: 


e The FF transceiver incorporates a double superheterodyne receiver that is composed of the UMA1020 2 GHz double 
frequency synthesizer and SA639 FM IF. Our next front-end product, the UAA2067, will include the LNA, VCOs and 
preamplifier. In the near future, the front-end and zero-IF ICs will become available. This will revolutionize the RF section by 
making SAW filters obsolete, reducing external components and making the receiver design easier. 


® The speech interface to our ADPCM CODEC (PCD5032) for encoding/decoding (G721) ts in compliance with CCITT 
recommendations. Philips Semiconductors advanced bitstream technology is used to achieve the A/D & D/A conversion. 
The serial DSP interface can be connected to a DSP with echo control algorithms. 


@ The microcontroller interface is suited to one of the Philips Semiconductors low-voltage microcontrollers: the P80CL782 
(8051-core), the P83CLXXX (8051-core), the PS0CL301 (68K-core) and in the near future, the 16-bit P87C51XA (80C51XA 
core) microcontrollers. These execute the upper layer software of the DECT protocol. 


Domestic and small-business systems 

For this rapidly growing market, samples of a new IC family will be available by the end of 1994: the PCD509X series. A 
PCD509X combines the ADPCM, BCM and microcontroller in a single IC, hence its name, the “ABC chip”. The RF interface 
will be upwardly compatible with the PCD504X family. 


Evaluation kit supports design-in 

Philips Semiconductors coffers a kit (OM4756) which can be used to evaluate the DECT chip-set and as a prototype 
development tool. It includes an operating manual, a complete base-station and a complete rechargeable-battery-powered 
remote unit (hand-held). The latter comprises a baseband section built around the PCD5041 BMC, a keyboard, an LCD, an RF 
section and a handset. 


The software on the DECT chip-set is supplied exclusively for Philips Semiconductors. It provides basic or enhanced 
functionality for the base-station and the remote unit. Our partner, S3, provides three different software packages: an object 
code license for a software package including the basic functions for a feature phone, an enhanced GAP compatible software 
package and, last but not least, custom-designed software. 
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Philips Semiconductors offers a DECT chipset for handsets and basestations that consists of: IC-17 Page 
SA639 Low voltage mixer FM IF system with filter amplifier and data switch ................. 00000000. 677 
UMA1020M Low-voltage dual frequency synthesizer for radio telephones ......... 0.2... cece eee eee eens 980 
PCD5032 ADPCM (G721) codec for digital cordless telephone .................-. cece eee eens : ngacane 1165 
PCD3311 DTLME-Gereraior (baseStalion))4..+ ¢.cewssee tet tage er ae owe duwerd Geeemeue ase renee te eet ICO3 
PCA1070 ine Interace(basestalion)itkcusxceat tan niudandndvaametedechatevadnatseaeiedeiaseanees ICO3 
PCD5041 DECT burst mode controller (handSel)'.: « so..cccac dbsaak cand owe Roe Heaket ee ete eee ey ICO3 
BFES4O;10/11) . |AP-ROWSEAMpINGRr 344 cocutay coca cb eel paea ouhaabetce dd See eeoited aaa eee ss IC10 
P80CLxxx Low Voltage MICrOCOnINOIIG! 45/91 in Sreie kh oe rd ad Gin ad ee ae ai wanes ae weaned dees IC20a 
PCD5042 DECT burst mode controller (base-station) 
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Pagers 
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PAGERS 


POCSAG 

Because the pager market is characterized by customization, Philips Semiconductors do not offer a turnkey solution. However, 
Philips Semiconductors does provide two advanced chips for all the key functions of beep-only, numeric and alphanumeric 
pagers: 

e The UAA2080 advanced pager receiver 


® The PCF5001 POCSAG paging decoder. 


Philips Semiconductors also provide application support on how to build complete pagers (the only extra components required 
are a microcontroller, memory, LCD module and real-time clock), and offer unrivalled application support, including evaluation 
kits. 


UAA2080 advanced pager receiver 

This is a high-performance low-power radio receiver circuit primarily intended for VHF and UHF (25 - 512MHz) wide-area 
(country-wide) digital pagers. With a high level of integration, this is currently the only chip available for use in very thin pagers 
(e.g., wrist-watch or credit card types). Employing direct FM non-return-to-zero (NRZ) frequency shift keying (FSK), the 
receiver is based on the direct conversion principle (zero IF). Operating up to 2400 baud, the UAA2080 is unique in its size, 
power consumption and performance advantages. Key features include: 


® High integration level 

® Wide frequency range 

@ Low power consumption 

® High sensitivity 

® High dynamic range | 

® Interfaces directly with the PCA5000A, PCF5001 and PCD5003 POCSAG decoders 
® QFP32, SO28 package or naked chip. 


= 


The next generation UAA2082 will have two additional features: the low-battery detect voltage will be reduced from 2.05V to 
1.1V; the internal oscillator will be disconnected when using direct injection from a frequency synthesizer, to further reduce 
current consumption. 


PCF5001 POCSAG paging decoder 
This is a fully integrated low-power decoder and pager controller. It decodes the CCIR radio paging Code No.1 at 512 and 
1200 bits/s data rates and includes a digital input filter for high call success rates. Key features include: 


® On-chip EEPROM storage 

® Wide supply voltage range (1.5 - 6V) 

@ Very low supply current (60 mA with 76.8kHz crystal) 

® Data rates up to 2400 bits/s possible 

® Supports 4 user addresses (Receiver Identity Codes) in 2 independent frames 

@ Drives an LED, a magnetic or piezo ceramic beeper directly and offers optional vibrator type alerting 
® Silent call storage (up to 8 calls). | 

® QFP32, SO28 package or naked chip. 

PCF5003 new POCSAG paging decoder 


The new PCD5003 is a very low power decoder and pager controller. It supports data rates of 512, 1200 and 2400 bps using a 
single 76.8kHz crystal. Its on chip EEPROM is programmable with a minimum supply of 2.5V. Key features are: 


@ Low operating current (50mA ON; 25mA OFF) 
@ 2-bit random and (optional) 4-bit burst address error correction 
@ Up to 6 user addresses (RICs), in 6 (max) different frames 


@ Standard POCSAG synchronization word, plus up to 4 user-programmable synchronization words 
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Pagers 


© Received data inversion (optional) 

© Synthesizer set-up and control interface (3-line serial) 

® Separate power control or Receiver and RF oscillator for battery economy 
®@ On-chip SRAM buffer for message data 

® Direct and I2C-bus control of operating status (ON/OFF) 

@ Wake-up interrupt for microcontroller, pregrammable polarity 

® Built-in data filter and bit clock recovery 


Evaluation kits 
For the UAA2080 receiver, one may choose from four evaluation/demo boards: 


© OM4745 for 173MHz 

© OM4746 for 288MHz 

© OM4747 for 470MHz 

® OM4748 - frequency open. 

For the PCF5001, Philips Semiconductors offers the OM4706 decoder evaluation/demo board and the OM4718 test program 


board. The latter allows monitoring of the decoder output from either a signal into the receiver, or a signal directly into the 
decoder. 


Philips Semiconductors offers the following pager ICs: IC-17 Page 
UAA2080T Advanced pager receiver ........ SiG GHee eRe sama eew eee arate? one weida e eee aes 171 
UAA2082 AGVanced Pagen leceIvel cecscieetar sep cer cde leet Gust et manent ee ta ee and Sait 209 
PCD5003 Advanced POCSAG paging decodel: « écs-4cgcnerwiewe tes oedintyacagers ativan teteede Reeds 1128 
PCF5001 POCSAG Paging GeCOdets hic cad san Rail alucme sence eiteee dan eas ee VaRaaueeheakecoseses 1218 


P83CL410/782 Low voltage microcontroller. 2 cc aust esos aesc se waeaGd Chase soe vahee oe eae Wea dade eadnses IC20 
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8-Pin (300 mils wide) Plastic Dual In-Line (N) Package .............-. 0... ee eee ee eee eee 1420 
8-Pin (157 mils wide) Plastic SO (Small Outline) Dual In-Line (D) Package ................. 1421 
9-Pin Plastic SIL (Single In-Line) Medium Power Package With Fin .....................-. 1422 
14-Pln (300 mils wide) Plastic Dual In-Line (N) Package .............. cece eee eee eee eae 1423 
14-Pin (157 mils wide) Plastic SO (Small Outline) Dual In-Line (D) Package ................ 1424 
14-Pin (3.9mm) Plastic SO (Small Outline) Package ............. 0... eee eee eee eee 1425 
16-Pin (300 mils wide) Plastic Dual In-Line (N) Package ............. 2. cee eee eee eee eee 1426 
16-Pin (800mil) Plastic Dual In-Line Package ............ ccc ccc cee cece eee eee e en enae 1427 
16-Pin (157 mils wide) Plastic SO (Small Outline) Dual In-Line (D) Package ................ 1428 
16-Pin (3.9mm) Plastic SO (Small Outline) Package .......... 0... cee cee eee ees 1429 
16-Pin Plastic SO (Small Outline) Package; Large Body ............. 0... eee e eee eee nee 1430 
18-pin Plastic Dual In-Line (N/P) Package With Internal Heat Spreader ...................4. 1431 
20-Pin (800 mils wide) Plastic Dual In-Line (N) Package ..... a alan dace ta Sede Dac ee aris May Oe 1432 
20-Pin (Large Body) Plastic SO (Small Outline) Package ............ cece e eee e eee nena 1433 
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20-Pin Plastic (170 mils wide) SSOP (Shrink Small Outline Package) ...................06. 1435 
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28-Pin (600 mil) Plastic Dual In-Line Package With Internal Heat Spreader ................. 1441 
28-Pin (7.5mm) Plastic Small Outline Package ........... 0... cece eee ee eee eee eeee 1442 
28-Pin (300 mils wide) Plastic SOL (Small Outline Large) Dual In-Line (D) Package ......... 1443 
32-Pin (7x7x1.4 mm) Plastic TQFP (Thin Quad Flat Package) ............ 0.0 cee e ee eee ees 1444 
32-Pin (7.5mm) Plastic SO (Small Outline) Package ............ 0.0 c cece eee eee me Geo ee 1445 
44-Pin Plastic GFP (Quad FlatPack): adus¢erka more pet dant sedewdum «ihe Pwase wake eh ems 1446 
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64-Lead Plastic QFP (Quad Flat Package) ........... cee cece teen eee eee eee 1448 
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14-Pin (157 mils wide) Plastic SO (Small Outline) Dual In-Line (D) Package 
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Package outlines 


SOT108-1 14-Pin (3.9mm) Plastic SO (Small Outline) Package 
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Dimensions in mm. 
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16-Pin (300 mils wide) Plastic Dual In-Line (N) Package 
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Package outlines 


SOT38-1 16-Pin (300mil) Plastic Dual In-Line Package 
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Dimensions in mm. 
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16-Pin (157 mils wide) Plastic SO (Small Outline) Dual In-Line (D) Package 
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SOT109-1 16-Pin (3.9mm) Plastic SO (Small Outline) Package 
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Dimensions in mm. 
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SOT162-1 16-Pin Plastic SO (Small Outline) Package; Large Body 
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SOT102 18-pin Plastic Dual In-Line (N/P) Package With Internal Heat Spreader 


| side view 
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seating plane 
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top view (1) Centre-lines of all leads are within 
. +0.127 mm of the nominal 
position shown; in the worst 
case, the spacing between any 
two leads may deviate from 
nominal by +0.254 mm. 


Lead spacing tolerances apply 
from seating plane to the line 


indicated. 


(3) Dimensions in mm. 


SOT 102 7283532.1 
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SOT163-1 20-Pin (Large Body) Plastic SO (Small Outline) Package 
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Dimensions in mm. 
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20-Pin Plastic (170 mils wide) SSOP (Shrink Small Outline Package) 
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SOT266-1 20-Pin (4.4mm) Plastic SSOP (Shrink Small Outline Package 


0 to 10° 


MBC237 - 1 





Dimensions in mm. 


January 1995 1436 


Philips Semiconductors RF Communications Products 


Ines 


Package outl 


24-Pin (600 mils wide) Plastic Dual In-Line (N) Package 


0412A 


($2°0) OL0°0 
(8€°0) $L0'0 


(ve'SL) 009°0 
($921) S69°0 


($ SLON) 


pars (v2'S1) 009°0 — 


(4$°0) 0z0'0 





(§ SLON) 
(v2°St) 009'0 
SZ’St) 029°0 


‘do} 8} WO1y POMAIA UBUM PZ# Uld 
0} @SIMYIO|OI9JUNOD SNUIJUOD pUe 1 # Ul UIM LIS SJOQUUNU Ul 


“LE aueyd 0} sejnoipuedied 
aq 0} PeuUleJJSUCD Spee] BY} YIM PaINSeeLU SUOISUSWIP eseuU | 


‘apis Aue uo (WwWgz'd) YOU! 0100 Peedxe Jou |!eUus 
SUOISM}O1d JO USE|} P|OWY “SUOISNUjOUd 40 YSeY PjOWW apnjou! you op 
pue Apog pepjow 9y} uO SluN}ep eoUsJaJe/ sue .4, puke ‘Gg, ‘1, 


‘2861 — WS ‘VLA ISNYV Jed Buloues9}o} pue uolsuewiq 


(S8/Z “a enss|) spea| pz (ONSse|d) 
Buioeds mol you! 009°0 ebexoed (djq) aulq-u] Jeng psepue}s 10} 
VV-LLO-SW UOHeoyIosds 534qQ5f 0} WuOjUOd SUOISUBWIP eHeyoeY 


‘Ssesaujualed Ul UMOYS ae OLE “SeYoU] :UOISUeUIP Bul|]O1]UOD 


2G 
a 


“SALON 





|@(sz'0) 100 |© aj a] 4 Oo} eee 





(S0’e) OZL'O 
(1S°€) 8EL°0 


INVi1d 
ONLVAS 





(6L'b) SOLO aie 
(80°S) 002°0 








(pbb) SPO'O 
(€9°t) 790'0 


(0S"1€) Ove't 
(00°2e) 092't 


OSd (7S'Z) 0010 —_—§|a-o»| 


(p84) SPS‘O 
(OL'vE) SSS'0 








{(04"0) boo" 








853-0412A 02880 





1437 


January 1995 


Philips Semiconductors RF Communications Products 


Package outlines 


0173D 


24-Pin (300 mils wide) Plastic SOL (Small Outline Large) Dual In-Line (D) Package 


(v00'0) OL'0 


(7€0'0) 98°0 
(2v0'0) 20°4 


00 
08 








ing (0200) 0$'0 | 


(0€0'0) S2'0 





‘Jaquunu yonpoid 
au} Jaye q xyyNs ey} s| eHeyoed (OS) suUIANO |;ewWS 
onseid e ul pebeyoed Jonpoud e& 10} spoo Huuepio soneubis 


‘do] WOl) POMBIA UOUM PZ# Uld O} 
OSIMYOO}OJ9}UNOD SNuUN]UOD pUe 1 # Uld UIM Wels Suequunu Uld 


‘(.7Z0'0) WWL9'0 JO eNyeA WNWIxeW e 
peeoxe jou |jeys suejd Buljees eu} BAOGE UIpIM pes] SUL 


‘apis sed 

(.010°0) Wwigz'Q peeoxe jou |/eus ,5,, ye suoismjold/tsey 
pea|-19}u] “apis 49d (,,900'0) WLUGL'O Peeoxe jou jeUS ,,, Je 
SUOISN}OId/YSe]} pjoyy “SUOISMjO1d/Yse}} plow epnjoul jou 

op pue Apog Pepjow sy} UO SUINJep eouUsJeje Oe ,.5,, ue ,.C,, 


‘286 L-ING PLA ISN Jed Buloues9jo} pue Buluoisuawig 


‘seseujualed 
Ul SUOISUBWWIP YOU] “WLU ase SUOISUSWWIP Buljjou]UOD 


‘(S861 unr ‘y enss}) YIpIM Apog (,00¢'0) WWOg'Z ‘speE| PZ 


‘eBeyoed (OS) euijino |[ews psepue]s JO} GY-E10-SW 
uoneoyioedsS O4GIfL 0} WUOJUOCD SUOISUeLUIP aBeyoeY 


Ane [@ (0100) sz’0|® a] 3 1/6; 


( 
(Z10'0) 0&0 (10° 





| 


SALON 





(vL0°0) S€"0 











% 





(610°0) 6¢'0 





(voo'0) 040 [7 





ma 








(€60°0) see 





misinis 














(p01 0) S9'2 








a 


(86S'0) 02'S 








@ (v19°0) O9°SI 





OS (0G0'0) 22°71 















































|@(o10'0) sz0 | al} | 
(vOv'0) 92°OL 
(6L¥'0) S9°01 
























































(r00'0) 010 |@ a]. 














L#Nid 
‘teed 4 es 

(162°0) OZ 

(6620) 09°2 
MB 
(o>) 
co 
Tt 
QO 
a 
wo) 
S 
& 
@ 


1438 


January 1995 


Philips Semiconductors RF Communications Products 





Package outlines 


SOT355-1 24-Pin (Medium Body) Plastic TSSOP (Thin Shrink Small Outline) Package 


fab] 
Cc 
& 
[jos 
oO 
Ss 
= 
wo 
@ 
n 
t 


reference plane 


(0.25) 1.10 
0.85 


Y 
b— 0 to. 8° 


f 


0.50 
0.30 detail X 
0.1 0 CBC) | 


MSA401 


Dimensions in mm. 
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SOT117-1 28-Pin (600 mil) Plastic Dual In-Line Package With Internal Heat Spreader 
® 36.0 15.80 
g 36.0 | 15.24 
| ail ii We a 
0.51 
a 
ia 0.53 elo: Roo 
max (13x) max 
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Dimensions in mm. 
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SOT136-1 28-Pin (7.5mm) Plastic Small Outline Package 
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Dimensions in mm. 
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SOT358-1 32-Pin (7x7x1.4 mm) Plastic TQFP (Thin Quad Flat Package) 


Uf 


iz 


Dimensions in mm. 
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SOT287-1 32-Pin (7.5mm) Plastic SO (Small Outline) Package 
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Dimensions in mm. 
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SOT307B 44-Pin Plastic QFP (Quad Flat Pack) 


seating 
plane 











ee reer eee ee — 10.4 129 
I! 99 123 





on 0.95 i 
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SOT208A 64-Lead Plastic QFP (Quad Flat Package) . 
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DATA HANDBOOK SYSTEM 

Philips Semiconductors data handbooks contain all pertinent 
data available at the time of publication and each is revised 
and reissued regularly. 


Loose data sheets are sent to subscribers to keep them 
up-to-date on additions or alterations made during the 
lifetime of a data handbook. 


Catalogs are available for selected product ranges (some 
catalogs are also on floppy discs). 


Our data handbook titles are listed here. 


Integrated Circuits 


Book Title 

ICO1 Semiconductors for Radio and Audio Systems 
ICO2 Semiconductors for Television and Video Systems 
ICO3 Semiconductors for Telecom Systems 


ICO4 CMOS HE4000B Logic Family 


ICO5 Advanced Low-power Schottky (ALS) Logic 
Series 


ICO6 High-speed CMOS Logic Family 
ICO8 100K ECL Logic Families 


IC10 Memories 

IC11 General-purpose/Linear ICs 

IC12 Display Drivers and Microcontroller Peripherals 
(planned) 


IC13 Programmable Logic Devices (PLD) 
IC14 8048-based 8-bit Microcontrollers 
IC15 FAST TTL Logic Series 

IC16 ICs for Clocks and Watches 


IC18 Semiconductors for In-car Electronics and 
General Industrial Applications (planned) 


iene RF/Wireless Communications 


IC19 Semiconductors for Datacom: LANs, UARTs, 
Multi-protocol Controllers and Fibre Optics 


IC20 80C51-based 8-bit Microcontrollers 
IC21 68000-based 16-bit Microcontrollers (planned) 
IC22 ICs for Multi-media Systems (planned) 


IC23 QUBiC Advanced BiCMOS Bus Interface Logic 
ABT, MULTIBYTE™ 


IC24 Low Voltage CMOS & BICMOS Logic 


January 1994 


Discrete Semiconductors 
Book Title 

SCO01 Diodes 

SC02 Power Diodes 

SC03 Thyristors and Triacs 
SC04 Small-signal Transistors 


SC05 Low-frequency Power Transistors and Hybrid IC 
Power Modules 


SC06 High-voltage and Switching NPN Power 
Transistors 


SC07 Small-signal Field-effect Transistors 
SC08a__—sSOWRRF Poweer Bipolar Transistors 
SCO8b RF Power MOS Transistors 

SCO09 RF Power Modules 

$C10 Surface Mounted Semiconductors 


SC13 Power MOS Transistors 
including TOPFETs and IGBTs 


SC14 RF Wideband Transistors, Video Transistors 
and Modules 


SC15 Microwave Transistors 
SC16 Wideband Hybrid IC Modules 


SC17 Semiconductor Sensors 


Professional Components 
PCO1 High-power Klystrons and Accessories 


PCO6 Circulators and Isolators 


MORE INFORMATION FROM PHILIPS 
SEMICONDUCTORS? 

For more information about Philips Semiconductors data 
handbooks, catalogs and subscriptions contact your nearest 
Philips Semiconductors national organization, select from 
the address list on the back cover of this handbook. 
Product specialists are at your service and inquiries are 
answered promplly. 


Philips Semiconductors 


Data handbook system 


OVERVIEW OF PHILIPS COMPONENTS 

DATA HANDBOOKS 

Our sister product division, Philips Components, also has a 
comprehensive data handbook system to support their 
products. Their data handbook titles are listed here. 


Display Components 


Book Title " 
DCO1 Colour Display Components 
Colour TV Picture Tubes and Assemblies 
Colour Monitor Tube Assemblies 
DC02 Monochrome Monitor Tubes and Deflection Units 
DCO03 Television Tuners, Coaxial Aerial Input 
| Assemblies 
DCO05 Flyback Transformers, Mains Transformers and 


General-purpose FXC Assemblies 


Magnetic Products 


MAO1 Soft Ferrites 

MAO3 Piezoelectric Ceramics 
Specialty Ferrites 

MA04 Dry-reed Switches 


Passive Components 


PAO1 Electrolytic Capacitors 

PA02 Varistors, Thermistors and Sensors 

PAOS Potentiometers and Switches 

PA04 Variable Capacitors 

PAO5 Film Capacitors 

PAOQ6 Ceramic Capacitors 

PAO7 Quartz Crystals for Special and Industrial 
Applications 

PAO8 Fixed Resistors 

PA10 Quartz Crystals for Automotive and Standard 
Applications 

PA11 Quartz Oscillaors 


Professional Components 


PC04 Photo Multipliers 

PCO5 Plumbicon Camera Tubes and Accessories 

PC07 Vidicon and Newvicon Camera Tubes and 
Deflection Units 

PCO8 Image Intensifiers 

PC12 Electron Multipliers 
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MORE INFORMATION FROM PHILIPS 
COMPONENTS? 

For more information contact your nearest Philips . 
Components national organizaiton shown in the following 
list. 


Argentina: BUENOS AIRES, Tel. (641)541 4261, Fax. (541)786 9367. 
Australia: NORTH RYDE, Tel. (02)805 4455, Fax. (02)805 4466. 

Austria: WIEN, Tel (01)60101 1820, Fax. (01)60101 1210. 

Belgium: BRUXELLES, Tel. (02)741 8211, Fax. (02)735 8667. 

Brazil: SAO PAULO, Tel. (011)829 1166, Fax. (011)829 1849. 

Canada: SCARBOROUGH, Tel. (416)292 5161, Fax. (416)754 6248. 
Chile: SANTIAGO, Tel. (02)773 816, Fax. (02)5602 735 3594. 

China (Peoples Republic of): SHANGHAI, Tel. (021)3264140, Fax. (021)3202160. 
Columbia: BOGOTA, Tel. (01)249 7624, Fax. (01)261 0139. 

Denmark: COPENHAGEN, Tel. (032)883 333, Fax. (031)571 949. 
Finland: ESPOO, Tel. (9)0-50261, Fax. (9)0-520971. 

France: SURESNES, Tel. (01)4099 6161, Fax. (01)4099 6431. 

Germany: HAMBURG, Tel. (040)3296-0, Fax. (040)3296 216. 

Greece: TAVROS, Tel. (01)489 4339/(01)489 4911, Fax. (01)481 5180. 
Hong Kong: KWAI CHUNG, Tel. (852)724 5121, Fax. (852)480 6960. 
India: BOMBAY, Tel. (022)4938 541, Fax. (022)4938 722. 

Indonesia: JAKARTA, Tel. (021)5201 122, Fax. (021)5205 189. 

Ireland: DUBLIN, Tel. (01)640 203, Fax. (01)640 210. 

Italy: MILANO, Tel. (02)6752.1, Fax. (02)6752 3300. 

Japan: TOKIO, Tel. (03)3740 5143, Fax. (03)3740 5035. 

Korea (Republic of): SEOUL, Tel. (02)709-1412, Fax. (02)709-1415. 
Malaysia: KUALA LUMPUR, Tel. (03)757 5511, Fax. (03)757 4880. 
Mexico: CHI HUA HUA, Tel. (016)18-67-01/(016)18-67-02, Fax. (016)778 0551. 
Netherlands: EINDHOVEN, Tel. (040)7 83749, Fax. (040)7 88399. 

New Zealand: AUKLAND, Tel. (09)849-4160, Fax. (09)849-7811. 

Norway: OSLO, Tel. (22)74 8000, Fax. (22)74 8341, 

Pakistan: KARACHI, Tel. (021)577 032, Fax. (021)569 1832. 

Philippines: MANILA, Tel. (02)810-0161, Fax. (02)817-3474. 

Portugal: LISBOA, Tel. (01)388 3121, Fax. (01)388 3208. 

Singapore: SINGAPORE, Tel. (65)350 2000, Fax. (65)355 1758. 

South Africa: JOHANNESBURG, Tel. (011)470-5434, Fax. (011)470-5494. 
Spain: BARCELONA, Tel. (93)301 6312, Fax. (93)301 4243. 

Sweden: STOCKHOLM, Tel. (08)632 2000, Fax. (08)632 2745. 
Switzerland: ZURICH, Tel. (01)488 2211, Fax. (01)481 7730. 

Taiwan: TAIPEI, Tel. (2)509 7666, Fax. (2)500 5912. 

Thailand: BANGKOK, Tel (2)399-3280 to 9, (2)398-2083, Fax. (2)398-2080. 
Turkey: ISTANBUL, Tel. (01)279 2770, Fax. (01)269 3094. 

United Kingdom: LONDON, Tel. (071)580 6633, Fax. (071)636 0394. 
United States: RIVIERA BEACH, Tel. (800)447-3762/(407)881 -3200, 


Fax. (407)881-3300. 


Uruguay: MONTEVIDEO, Tel. (02)704 044, Fax. (02)920 601. 


For all other countries apply to: Philips Components. 
Marketing Communications, Building BAE, 
P.O. Box 218, 5600 MD, EINDHOVEN, The Netherlands 


Telex 35000 phtenl, Fax. +31-40-724547. 
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PHILIPS 
SEMICONDUCTORS 


811 East Arques Avenue 


P.O. Box 3409 


Sunnyvale, CA 94088-3409 


ALABAMA 
Huntsville 
Philips Semiconductors 
Phone: (205) 464-0111 
(205) 464-9101 


Elcom, Inc. 
Phone: (205) 830-4001 


ARIZONA 

Scottsdale 
Thom Luke Sales, Inc. 
Phone: (602) 451-5400 


Tempe 
Philips Semiconductors 
Phone: (602) 820-2225 


CALIFORNIA 
Calabasas 
Philips Semiconductors 
Phone: (818) 880-6304 


Irvine 
Philips Semiconductors 
Phone: (714) 453-0770 


Loomis 
B.A.E. Sales, Inc. 
Phone: (916) 652-6777 


San Diego 
Philips Semiconductors 
Phone: (619) 560-0242 


San Jose 
B.A.E. Sales, Inc. 
Phone: (408) 452-8133 


Sunnyvale 
Philips Semiconductors 
Phone: (408) 991-3737 


COLORADO 
Englewood 
Philips Semiconductors 
Phone: (303) 792-9011 


Thom Luke Sales, Inc. 
Phone: (303) 649-9717 


CONNECTICUT 
Wallingford 

JEBCO 

Phone: (203) 265-1318 


FLORIDA 

Clearwater 
Conley and Assoc., Inc. 
Phone: (813) 572-8895 


Oviedo 
Conley and Assoc., Inc. 
Phone: (407) 365-3283 


GEORGIA 
Norcross 
Elcom, Inc. 
Phone: (404) 447-8200 


ILLINOIS 

Itasca 
Philips Semiconductors 
Phone: (708) 250-0050 
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Schaumburg 
Micro-Tex, Inc. 
Phone: (708) 885-8200 


INDIANA 

Indianapolis 
Mohrfield Marketing, Inc. 
Phone: (317) 546-6969 


Kokomo 
Philips Semiconductors 
Phone: (317) 459-5355 


MARYLAND 
Columbia 


Third Wave Solutions, Inc. 


Phone: (410) 290-5990 


MASSACHUSETTS 
Chelmsford 

JEBCO 

Phone: (508) 256-5800 


Westford 
Philips Semiconductors 
Phone: (508) 692-6211 


MICHIGAN 
Monroe 
S-J Associates 
Phone: (313) 242-0450 


Novi 
Philips Semiconductors 
Phone: (810) 347-1700 


MINNESOTA 
Bloomington 
High Technology Sales 
Phone: (612) 844-9933 


MISSOURI 
Bridgeton 
Centech, Inc. 
Phone: (314) 291-4230 


Raytown 
Centech, Inc. 
Phone: (816) 358-8100 


NEW JERSEY 
Toms River 
Philips Semiconductors 
Phone: (908) 505-1200 
(908) 240-1479 


NEW YORK 

Ithaca 
Bob Dean, Inc. 
Phone: (607) 257-1111 


Rockville Centre 
S-J Associates 
Phone: (516) 536-4242 


Wappingers Falls 
Philips Semiconductors 
Phone: (914) 297-4074 


Bob Dean, Inc. 
Phone: (914) 297-6406 


NORTH CAROLINA 
Charlotte 

Elcom, Inc. 

Phone: (704) 543-1229 


Greensboro 
Elcom, Inc. 
Phone: (919) 273-8887 


Matthews 
Elcom, Inc. 
Phone: (704) 847-4323 


OHIO 

Columbus 
S-J Associates, inc. 
Phone: (614) 885-6700 


Kettering 
S-J Associates, Inc. 
Phone: (513) 298-7322 


Solon 
S-J Associates, Inc. 
Phone: (216) 349-2700 


Toledo 
S-J Associates, Inc. 
Phone: (419) 727-8051 


OREGON 

Beaverton 
Philips Semiconductors 
Phone: (503) 627-0110 


Western Technical Sales 
Phone: (503) 644-8860 


PENNSYLVANIA 

Erie 
S-J Associates, Inc. 
Phone: (216) 888-7004 


Hatboro 


Delta Technical Sales, Inc. 


Phone: (215) 957-0600 


Pittsburgh 
S-J Associates, Inc. 
Phone: (216) 349-2700 


SOUTH CAROLINA 
Greenville 

Elcom, Inc. 

Phone: (803) 370-9119 


TENNESSEE 
Dandridge 
Philips Semiconductors 
Phone: (615) 397-5053 


TEXAS 

Austin 
Philips Semiconductors 
Phone: (512) 339-9945 


Synergistic Sales, Inc. 
Phone: (512) 346-2122 


Houston 
Synergistic Sales, Inc. 
Phone: (713) 937-1990 


Richardson 
Philips Semiconductors 
Phone: (214) 644-1610 
(214) 705-9555 


Synergistic Sales, Inc. 
Phone: (214) 644-3500 


UTAH 

Salt Lake City 
Electrodyne 
Phone: (801) 264-8050 


WASHINGTON 

Bellevue 
Western Technical Sales 
Phone: (206) 641-3900 


Spokane 
Western Technical Sales 
Phone: (509) 922-7600 


WISCONSIN 
Waukesha 

Micro- Tex, Inc. 

Phone: (414) 542-5352 


CANADA 

PHILIPS 
SEMICONDUCTORS 
CANADA, LTD. 


Calgary, Alberta 
hilips Semiconductors/ 
Components, Inc. 
Phone: (403) 293-5969 


Tech-Trek, Ltd. 
Phone: (403) 241-1719 


Kanata, Ontario 
Philips Semiconductors 
Phone: (613) 599-8720 


Tech- Trek, Ltd. 
Phone: (613) 599-8787 


Montreal, Quebec 
Philips Semiconductors/ 
Components, Inc. 
Phone: (514) 424-7320 


Mississauga, Ontario 
Tech-Trek, Ltd. 
Phone: (416) 238-0366 


Richmond, B.C. 
Tech-Trek, Ltd. 
Phone: (604) 276-8735 


Scarbcrough, Ontario 
Philips Semiconductors/ 
Components, Ltd. 
(416) 292-5161 


Ville St. Laurent, Quebec 
Tech-Trek, Ltd. 
Phone: ‘514) 337-7540 


MEXICO 

Anzures Section 
Philips Components 
Phone: (800) 234-7381 


E! Paso, TX 
Philips Components 
Phone: (915) 775-4020 


PUERTO RICO 
Caguas 

Mectron Group 

Phone: (809) 746-3522 


DISTRIBUTORS 


Contact one of our 
local distributors: 
Allied Electronics 
Anthem Electronics 


Arrow/Schweber Electronics 
Future Electronics (Canada only) 


Gerber Electronics 
Hamilton Hallmark 
Marshall Industries 
Newark Electronics 
Richardson Electronics 
Wyle Laboratories, EMG 














Philips Semiconductors — a worldwide company 


Argentina: IEROD, Av. Juramento 1992 — 14.b (1428) BUENOS AIRES, 
Tel. (541) 786 7633, Fax . (541) 786 9367 
Australia: 34 Waterloo Road, NORTH RYDE, NSW 2113, 
~ Tel. (02) 805 4455, Fax. (02) 805 4466 
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